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(57) [#ffSI*0«iSffl] 

(fi*^ 1 1 mi mm.m<Di¥^mt^mm±{^mi^^fi± 
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H^m^mi^t mmm 2 n^m^mm t w ^ ^ /wffl^c 



3 

mffimti^ y =■ t) . Mists 1 ^mwm^<om 

w^Wimtrnts-m i ^{l-v y = ^{b-> y => vjifc- 

6 J m^m. 1 ~ 5 ^-rn^^-JSiwiEgcro* 
^ 1 i^mi^mmmi t m^m, 2 ^mwmmm t np^mtm \i 30 

IBS 1 K-fb-> y => i'lK. m-fki^ y = i'SSisiotiB 2 

[8**^81 ffl!*3Sl, 3, 4. 5, 6*fc«:7|E«!£ 

i:t-si5S:«fi£-r6Sfrie3gw«&^ropt,, mm.m.i\L 
-> y =• :^)KroT^ t-j^fiS ^ Mcm^m 1 k^l v- y =« i^ie 

[IS*^ 1 0 1 IK*^ 1 ~ 9 <ov>-rix-6^— «tw?a«cro 50 



2 9 7 8 4 7 7 

4 

^rW-«/i5Miey- hm^^A^bf^flFBTL 

im^m 1 1 1 m^m i ~ i o ^-rM^-m\^mm 

Wo 

im^^ 12] m^m i ~ i o 

Bo 

1 3 ] l»*JS 1 ~ 1 2 ^-f ix:*^-JSlc:|Ei!t 

ixfc^2g5ii^7Llca»t)a,*nfc7*7^^Sr:frUT, SftlSS 
i> ^2i|£#ft:««cw{&:;^jc:«fs/ hi»^sSliK*n-cv^S 

im^m 1 4 ] it*« 1 3 ia«ro^s(*:*aiHigs3ss 
-e&o-c> sftffi^igfiiS7L*5j;tJ«BfrElB2«iiig7Li±, m 

IBM I S FET(Oy— hmiS<75;^-^— ^^.iCS^LXgBS 
Bo 

tlt*3S 1 5 1 m:^m 1 ~ 1 4 CDV N-f H^»-JSl;l5«c 

tiig^g|5ilr«^-r€)ffillEM I S F E T t . m9im<DM I 
S F E T t $ ix-C V > S r t «r!|#® t 5 ifia|«c* 
amSS^Bo 

im^m 16] gt*^ 1 ~ 9 , 11-15 <DV^-f 

( a ) ^^mf^mm±\^m 2 mit'> y =• i^m^mi^ ufc 
m, MisM 2 ss{tv' y = >i!^<D±mcm^ i.itmw!^& 

— v^^i-ScirlcJ;?), M I S FETW-i^— 

(b) m?5.^- i'mM(o±^^^t^mm^mi^mm±i^ 
m2mit'>v=' i^m^m^ ufc^, wssss 2 y = 

(c) Sfiie^4g5{t:->y =>>'^*3j;t/H9ia^2^{i:->y 
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(f) mmmimm\^^\^^x. mn^mi*^m&<omm\^ 

mfi^^thf^mmmimiti^v =^:ymt. mriey-hsu lo 

^t^^ml^^,^^m^^mm±\^m2mti^v ^^lym^m^SL-r^ 

S^^^^. ttrls^i^^f*:^i«cco^M^^;g<^Sirls^ 20 

[f»*^ 1 9 ] lt?^^ l T^fct^l 8i a^(P^^i^ 
||[e]g§ilBcoKit:^&T**>oT. WISM I S FETfi^ 
^ U j^iamSS^I^^-r I S F E 

[ 0 0 0 1 1 

mi^o^aei«c^ Lfc*-M i s f e TWatco^r^fli^ti 

[0 0 0 2] 

mmmtmiti^v ^:ym:tm\:.^^v ^:ymb(Dmmmx 

^nM<DW^^WLt'r^MNOS (Metal-gate Nitride 
Oxide Silicon)M^i-:'cSiJ$ix6o 
10 0 0 3] 0 5 2*1. :7n-7"^ h®p<^y 50 



2 9 7 8 4 7 7 

6 

/uy-h (CG) 1 0 5Srji|I»:?g^L. yxn—T^iy^ 
h 1 0 SCtWffiiJcov^y 0 Wz^ J—:^ 

(S) 1 0 64b*J:t/Ku-<> (D) 1 0 7*?I^^L/cS} 

[0 0 0 4] ^^y ir/KD»#5^;^»l. :7n— 

h 1 0 3^;c:m^i o s^iiAL. 
— h 1 0 ^t^h^tL V'7^^i^::^^(0\^^\^mM& (Vt 
h) ^m^l 0 8(^Sffl<D/^V^«ffi^;IlttfcLT3 V-S 

Vc^y— h 1 0 3 --(T^m^ 10 8 c?D^A(l. rv"<^ ^^C/ 
=c • >^v— rJ^y^^^>'tc:J:or^it-r'5 K»^>f>' 1 o 7ia 
^cozl^iy hJiU^ hn:x^=i>' h o— yV^y— h 1 0 5 
R]*PUfcXmffl-ctoT:7a— x>f :^i/y— h 1 O 3-- 

[0 0 0 5] — 13 5 3 fl. MNOSS^^y ir/VCO 

\rt^ v-y =i>'ssi 1 1 o:>^m±\zw^m'^^timm2tm 
nm.(r>mJ^ V >^^y^m\:M 112 <^ JiSfptc^^t: y =1 >^ 
BSi 1 z^^x:^m^^^ym^m(o/f- vmm (pe 

G) 115a tmikW^fi^^th. hm.m 1 1 5 a 

filjcoi/y =i^^Stgi 1 1 {cy-^ (s) iieiait/^ 

il^t£»H (KW-r^-) 1 1 7;d5?i^^$nfcMI SFET 

(D^-hmM (SG) 1 1 shtm^^fi. ^-hmm 

115 b(7)f^lMij<Dixy =1 vStel 1 1 t;iS^j^i£Sfcg (y 

1 1 7^6j:t)^Kl^-r^^ (D) 1 1 9^Sj|^^$ttfc 

[0 0 0 6] >^y -feyK^Sti^^Jl. v'y='>^St£l 
1 1 *3 ii^/m^^^^^'J^- hmi^ 115a (7)m 

^^sts 1 1 1 mt^h^t'^ y »iM 113 1 o 

§R(7)M I S FETC0b#lMam/E^-t#$-^rtT5o ^ 
fc. m^tl^^lc:. i/y=i^^SKl 1 l*5J;t/>/-h® 

fli 1 1 5 a <DmMLi:mn g^tt^ y 1 1 3 
h^^^T'^-^fcm^^v-y ='>^tgi 1 xmi^tk^^-t^ 

:ii:(^ctt). lEtt^^SPcOMI S FETCOU^V^fflmJE 
<^L^v^fiS»E«rOVJ[^AT. ^/cet3t>x:7'i^ix'>a:^® 

^a5(7)MI S FETieX^dStrlEL/tjlS^^M I SFET 

[0 0 0 7] ±IEMNOSM>^y -feyWl. i^^mfll 
{bv-y vflgi 1 3) ^{^i'm'^^hyyzf^'^^mYf:^ 
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[000 8] 0 5 4 *®«FrF (U S P) ^5 4 0 8 

1 1 S^Jdiaft^n. "Self-Aligned Split-Gate EEPR 

CM Device'' t^nn (^titz'^/i^m^i^ir^'rmmmx^ 
So z(o?^^])^/^n. '^y =i vstRi 2 1 coiffi±tz 
^-hmit^i 2 2^xx)^m^m^-hmm (SG) i 

2 3^mmu ^^^(DmMm^miti^v =^:ym 12 
4. mt^yv ^'i^mi 2 siaxxjf^m^ti^v ='>'mi 2 e 

m (SWG) 1 2 7^J^^^Lycl1»itlc:/c^o-cv^s. ^ 

fc. y->^ (S) 1 2 8ii. dOf-^Y K^J';*-— /l^y— h 
(SWG) \ 27 t-i-^^f^irl^^M^X^ 

ji^^^n. Ku-r> (D) 1 2 9 ji. fflisii^my- h 

10 0 0 9] ^^y-try^co^^i^i^fl, "1997 Symposi 
urn on VLSI Technology Digest ofTechnical Papers p6 
3-p64' iciBtt^nn^sj: ptC, KU-r>^l 2 9^» 
ifeSffi^ L. y-> 12 8. i^>r Ki7:^-/uy— hSfii 

1 2 7ib*J:T:;?]^tRy- hmi^l 2 StC^tL^'tlS V. 9 
V. 1 V(7)mJEE4rB3*D-r6wtlc:J:oTtTPo 

lo 0 1 0] 13 5 5 li. ±fa>^y -fe/Kos#3^;^i&f^ 

^Lrv^-5o (S) -Ki->f>' (D) PB^tdHiJUD^ 

ttifemm (5V) (i. (s) O^^g 

;tm#3^i^fif*-r K^i^^-yi-y- hm^i (swg) 

T^wi3V^T^:^^^I^/.^So ^t^fci^?. Ku-rv (D) 
e3^'V^/W«l«--^tTLT#3tS^Ji. y-^ (S) i£ 

^^;dsi^^ K5^;*--/^>5^- hm<S (SWG) icj:-5«^:^f6i 
'7:»ii5®#iwj:or^^l:'>y :=i>^^ (125) +ic^a. 

(SWG) coETo^^t:'>y =':^Jffi (125) 

(SWG) ;e)^jb^/cL#vMii:m/E;5^±#-r'5o 

v^^- hM;^^y't>'Hc:4bMt'5 Ku^ vi£®co7^ 

[0 0 11] ^fc. ±ia;^^y -tr/i-coggi^ttjb^. y- 
^ (12 8) ^s^i^^mffi^t f--r K(>;*--/wy- 
(12 7) <^ilJ^ffiy- hmil (12 3) ^;;ii. 8 

v(Dmj£^mw\^. mt'y'j^^^ym (125) *omT- 



(4) 2 9 7 8 4 7 7 
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y (12 5) (DiETcog^^t^v-y (12 4) 

<t ?) ti¥V>JKl5 («^J^tf 1 OnmSJS) T?g^UTt>*t 

2 4) ^m^mm\^ir^{^t'xm^s^tm<}^\^. smw 
tcy ^ y y 7^ V- 3 ^^^FitAsgcs-r 6o 

10 [0012] IEEE Electron Devic 
e Lett., (vol. EDL-8. no. 3, pp. 93-95. March 1987) 
fl, ho-zu-y- h<^l^yc/^V^m-M I S FET^f 

3g<^^»^i4;^^y SrM^UXV^-5p wCO^»%tt;»<^ 

y (^;p<-^y-t/u{t. hteM^t^_hSRi^jf^^$nfc^ 
fefav-y =i>'co^- Kmis^v z<D^- \>mm(Dmm<D 

(0 o 1 3] ^^yir/v.cos^ji;^ji, Ku-rvifi«<D 
^-^ic^^ttyh^ibv-y ^^^ai+co^^y-^-^is Ki^-r 

[0 0 14] #^^6-2 3 2 4 1 6 y-;^ 

m^m^^titc^-Mi s FETiiiit<DTffl^tip<^y 

y ^>^m^t^^A^td3mmmxmfi^^tix\.^^o 
[0 0 1 5] y^y-feyK75»#52,;K^fi, h7 5/:yBgt^- 
§(5^«;«-rsT^co®?^b'> y =1 ^^fli (h v^/i-^-fbM) 

7^ vKMi sFETcoy- hffi,»j^^=¥-\' yi'^»^^-r 
40 [0016] 

S^b^-iiUfc■fe^/w«igli:/.^oXV^So MNOSM 
;^^y-fe/Hi. 7">f >'^y- hS;^^yiryMwtt; 

:;^^x$5 6^Kx6;0^ iait^^§[5^^^^^lc:2o<7) 
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[0 0 17] ^fc. ^m^n (USP) ^5 4 0 8 1 1 

7i)-L/^;iiS^. iltR^</- hm^^i^^ K^^^r-^wy- h 

•rne:b*>K'fbv-y ^'vflM (1 2 4) . mti^v = ^^ 

IK (1 2 5) isxv^miti^V =^1^!^ (1 2 6) ds«l:*r6i 
[0 0 1 8] *%P^coe6^*i. •:7n-7^^>^^- 

lo 0 1 9] :^^m(Dmm^j:bxi\z^(Dm(DB^t mm 

[0 0 2 0] 

[0 0 2 1] ^ y ji. Hi mmm 

i> m2^»(*ffi*E;&sji^fifi;^tt. mmmm^mt^mmt 

MlSFETtc:j:o"C ^m^^<o^ ^ y -t /i^tim^ $ 

t^mi&m/)*^m 1 mitt^ y =1 >^]K> ^^i: v- y =1 v-m^i j: t/ 
^ 2 y =1 ^-iK4ras Lftsm ^Dmmmt^^ e> * e o 

[0 0 2 2] mr|S^^y-tr/KOS#i^;^fi, iltRL/c;^ 

^ y ±ji^(Dmmm 2 ^^mt^mm^mmm 1 ^^f^^^s j: 

h y 5/ ?^Ai-6 ^ J: 19 p . 
[0 0 2 3] ^(Di&. :^m{^^m^tifcmM<DWLmi:m 



(5) mWf- 2 9 7 8 4 7 7 
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[0 0 2 4] 1. mimm.M(D^^m»m&±\:iiBf&^ti 

>^^Wfi)c-r^H2^m§!(^Hl. m 2 it^^f$:®ig4;65?f^^ 
^ ti. mmm 1 4^#ft:®*!c <i: mmm 2 ^^<*:ti«c <ir coPpI 
|w^i-;f;/WS«;55j^^$tt^M I S FETdJloT^ff 

. mmikwm 1 K^t-v y >- y =» v-isis ct xj^m 

[0 0 2 51 2. ^^^^f*:S«±ldJf^^$^xfc:y- hiteiii 

B2^mMcoHi. H2^#<4:Si«t/65?i^^$n. miEm 

mitiy y =1 >'^. ^{bi^ y vM*5<t t/m 2 ^{Lv- y 
Sfi. Mieii2^#<*:^Sc(7)S8iay- hms<^TSi5iwj8 

30 (00 2 61 3. i|^»«s:S«±iC?g^5?tiyhy- hJfe« 
^2»m§!<?3lll. IS2¥^»(*:««c;5Sj^^$tL. ffiflE^ 

1 ^^m^i^mm t m^m 2 ^m»mi$. t<Dm:i^-r^ 

«;!i5?^^$n-5M I S FETIcJ:oT^»^tt<^;^^y 

^/\^iimj&^fit:.^m^wm:mm'&mwx'h^x. tfriay 
- hiteigisgji. MiBH 1 ^m^m^mt^^ 1 ^^lv- y 
^-^^ ^^kv^y ='>'fli*5j:t/ii2®^^b'>y ^^vm^a^ 

40 ^bv-y =» 9 . 1 ^«f*:Si«<^H5rl5y- 

[0 0 2 7] 4. MIES*^! ^/c^i3l;l:^eV^.T. MIS 
50 [0 0 2 8] 5. Sftiai»*«l. 2^tcn4\Z^\,^X. 



11 

(0 0 2 91 6. 3aiEI!l*^l~5roi,>m;!)»— 

[00 3 0] 7 . SfrlEli^Jl 1 . 2 . 4 . 5 * fed 6 Iw 

xt^mmm 2 Mieig 1 SE^b-> y = >' 

IS. S<k -> y =• >]K*J J; o^lB 2 ®E{t: -> y =1 vig^rffls u 

[00 3 1] 8. ffJIESH*^!. 3, 4> 5, 6 4fcli 
;^/g!)gW-SfBS:1Sffi£-rs*aiB^{t:v'y =i>^1'ir*3' h 

[0 0 3 2] 9. S^rfEgt^^l~8rov^■ri^;<i^— 
SB 3 groiSfeigk^ro 5 SttlBS^t; v- V =» i'KiroTS l-J^ 

[0 0 3 3] 10. Sftl2gS*^l ~9cDl/>-fn;iJ^— 3^1- 

[0 0 3 4] 11. S9ffilf!*^l ~ 1 Orov^Tix**— J« 

(;iJoV>T. tfrl5;^^y-fe/H75iS;^^aiLW, MIE|glJ|^^» 

[0 0 3 5] 12. SfrlSIf*^ 1 ~ 1 0 (DV^-f tV75^— 
[0 0 3 6] 13. fltrlBft^^l ~ 1 2rov^-fiX7!>^— ^ 

ii*nfc:/7^sr^LT. ffliEfri. ^^2^^mi^mm(r> 

[0 0 3 7] 1 4. flfrlEIS*^i 3t;;*3^^T. SftlE^i 

^ma^ J; i/^sm 2 mmiLi-i. mkm i s f e t o y 



(6) i|#8f 2 9 7 8 4 7 7 
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[0 0 3 8] 15. fS*3l 1 ~ 1 4(OV>-ftx*^— JSICia 
I SFETt, jS^fflCOMI S F ET t-C«^$tT.TV> 

[0 0 3 9] 16. lt3ft3Sl~9. ll~150V>-fn 
75>-]^i£*JV>X. mrlEMl¥'^«^fil«ti:S((IS«2iJ£#«s: 

10 m\B}^mm.. 

[0040] 17. &.T<DXMi:^tf:it%:mmt-ti> 

( a ) i|i^^i^cs^s±^cs^ 1 y = ufc 

flftialS 1 •> y => :/)^<D±35lw^{t-> y =1 >K*r 
m^-ti>X.U. (b) HtllE^lSf^bv'y =>>8M*JJ:t/fltl 
?SS<kv'y='>M«r^<iJ'-=>'i^i-5rtlrJ:t), Si)|E 
it^#f^SK-h<^f^ 1 Si^cCiHffiafi 1 mit'> y => >-flI*i J; 
O'SaiaS^bv-y =i^mSr^U ^2M*ffc»fl9IE^lSE<L 
y 3 >-IK*J J: t/milH^^k-^ y => >m'k^^-^i>:nm.. 
20 (c) sfrfai<^#f^Ste-h«mria^imilc<^Hfil5S{k->y 

^2®f{b->y =»»^*j^^-t-sim, (d) sffiEiS2K 

•sctiwj;!?, Sfriami. m2^i§!c(/5Ml5»2®5{kv-y 

[004 1] 18. £ATOXS«r^tfr:tS:#a!l[i:-#--5 

( a ) ^mt^mm±\:^m 2 ^^t-v y =» >m%:mi& ufc 

30 =:Xi/-f-Sii:(rJ; iJs M I S FETOy— 

issrjgfig^-sxm, (b) Miay- hmii<?5±gns:-^tf 
mts.^mt^m&i±\cm 2 ^^kv- y => -^m^mi^ uyt^, 

SUflsm 2 S<b-> y = i^lSro J:SlB(wSg 4 gE-ft y => v^^r 
^fig-rsXS. (c) Sftl2»4K^t:v'y =VHI*Jj;t;5at( 
IS^2g{bv'y ='>'l^^^s/^>-^^-f-Sc:i:(c:J:!9. M 
IBM I SFETWStrlHy- hmffiw±*f|5*i J:0«ffl!Jil?S:fS 

m^-BrSXg. (d) HaiSlg2SS-fkv'y =>-flg«:«?:&6<) 

fcVNT, fltfia»2^^bv'y =>»K^?^-t-xm, (e) 
Tsi^mss^kv-y =>»!i^fl5fiK-r'5xm. Cf) trs 
fiKsnfefltnE^iSf^bv-y =>'^mt<Dmm%:^tim^^ 

[0 0 4 2] 19. m^^l 7*fclll 8IC*3V^Ts tti 

50 ley- h m.mff>iffi^m 1 imLm<om^i:i i eSE-a-tti-'F 
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Set t(s< -re c i: ^wmt-f-^^mi^mm^^mmi 

[0 0 4 3] 2 0. fi*:^17. 1 8 S^ciJi 1 9IC^oV> 

x> S91BM I s F E m^m^i^?^ ^ y Srsi^ l. ^ia 

^i^^^y ^«^i-6M I SFET(D</- hm^^irt^s 
[0 0 4 4] 

[0 04 5] (Jlife^?:'?!^*^ 1 ) 121 :^^mo:>—'mM 

^y) o^nsfusr^-rmnsiHiKEi-cfeSc 
[0 04 6] iy'>^7<^y op^^y ir/vr u-Y 

(MA) icfi. {x:^fpi) icimaE-r^ffi^ 

*(^17— KISWL (WLl —WLm ) i3<t ?/ffi|Sc*CO V 
~-;^i^SL (SLl ) . e> 6 Y 

:)5\P[\Z.m^'r^WSL^(0\l*y hmui. (DLI -DLd 

) ib*J:t/^a^-f 5MI SFET«3tT-«^$tt^C«lft 
1®(^;^^yiryWM (Mll~Mnm) ;55j|^^$nTV^'5o 30 

[0 0 4 7] _h|E17— K^SWL (WLl —WLm ) 

x;^fS]lc?&oTgag^nfc18S^fico7<^y-fe 

^ (X-DEC) (Cg^^^^t^TV^5o y-^j^SL (S 
LI '-SLm/2 ) O^H^'mi. 2:*:c0!7— Ki^WLcO 

&1(;ci*:-fogEe$tt. Y:fyr6HcB»S^-t-'5 2iB<^p<^y 

p3(^)y->^iftS L (SLl '-SLni/2 ) (D—^nVt. ^ 

^y-fe/vTU-f (MA) co^ia«fi5lc:ES$ix:/h*iiy^ 

;^jB9CS Lt;iS^jB!$nTV^-5o If iyhiiftDL (DLl - 40 
DLn ). CD^n^tin. Y:^\^\Z,mm'th2m<D:^^V 

yj^.y'zi-'^ (Y-DEC) J3 J: t^-fe T v:?" (S 
A) 

[0 0 4 8] El 2 fi. _hia> ^ y ir/PT U>< i: ^ix{;igt| 

m. (A) p<^y-fe/u*^i4fi^)'(^^<*:g^'?^- 

i^^Tf^irW^mm. 133 (B) fl. ^^y -tr/wS^ji 2fi:»• 
[0 0 4 9] pM^^^iefBV'y ='>';ft^f>/j^S^«f*:S« 50 
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1 (D^ ^ y iryWT u-r Sl3^{::fl p M l^^/v- 5 ^ 
[0 0 5 0] ;?<^y -fe/wr u-fftiiSccopSie^^/usjc: 

fi. ^^y-feyi^^lt^-t"^ n^^^y'VgjtDM I S FET 
>'W5lC|iJ^j22lE]SSc7)— gp^fS^-r^n^-^^/v-MM I S 
CO— Sl5^1^fig-r 6 p ^ir^/l'SM I S F E T Q p 
[00 5 1] ;^^y ir/WSrlfl^-rSM I SFETQm 

S^*^»(*®«c 1 3 (KL--r» ir. y-hmSlOa 
«S«15 (S«Sy-^) n+ 5(0 

ffi-r^n- ®^«*®is!ci 1 (e«ffy-^) 

^cDy->^. Ku-rvdj^^tLfc^i-^/w^^^igc (p 

^r^^/i-S) i:Xt^j*$HTV>^o y-hmfillOa« 
l7-Ki»WLt-«c»c«fiK$tt. y-^ (n+M^^f*: 
ffl«15. n ' ^^^ft:Si«c 1 1) «y-:^i»SLi:- 

[0 0 5 2] hm«l 0 a«. «flJ;t«nS<^#iigS 
v-y ^ V^(0±:S|5{rw (^^^i/^^xV) i^yi^-YKfl^^ 

a^LfczKy-th-r Ki^T«^$n. ^(T^isiiii^iis^'fbv' 

ric^nXV^So y- 0 a«OT§I5l-?l^*$ 

ttfcy- h«feiiij^fi. K u-^ XS'J/i^ 1 goK^bv' y =r :/ 
fli9X«fig^ix. y-^^myji^g^^bv-y ==^-]^9coT^tc: 

(otmmxmfSL^nxy^^^. 

[0 0 5 3] m7a^^<r>p^^:^/vmM I S FETQp 
LXy- hteaiS (SSjb->y ='>K9) Jb«r3ff^ 

^$ti/cy- hmsi 0 b y- hmsi 0 bi;i*fL 
®i$i4 (y-;^. -m^^-hmmi 

0 bOTa5*X3S«E"t-^-»(7)p- Si}i*<*:«g«c 1 2 

mm (pSii^^nyws) tT«j^snTi/^6o ^fc. ^aa 

lElSScOn^-r^^'^SiM I SFETQn«. bXy— 

h«fe,s^fli (K-fbv-y ^'v^Q) jitcijg^^nTty- 

m\Oct. y- hmfiil 0 c{c^LT:^:7ir2/ h-r-S 
J:pl>iJi^«^n7t-^con-' 5 (y- 
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5) tX*mf&^ivx\^^o mm^^(Dp^-r 
^/V-MM I S FETQ p^^ctt/n^-^-^/WSlM I S FE 
TQnti. LDD (Lightly Doped Drain) flli§-e«^$ 
tl-CV^-So p5^-r^>'^MMI SFETQpcoy— h^i^i 
1 0 h:iSXXJ^n^^^/\-mM I S FETQn<D</— 

[0 0 5 4] ±l5;^^y ir/l^ (M I S FETQm) . p 

^^^/i^mM I S F ETQ p:Ji5J:t/n5^-r^/l-SiM I S 

F E T Q n <D±matm\^ ^mm<Dmiti^ v i rr^ 

10 0 5 5] ;^^Vi^^l'Tiy><mm\cmf$.^tltinm2 
$tL7t=i^^^^ h3^— 0^ali:.T^^y-fe/K^ KL^ 

gaif92 4. 2 5«> mit^>v ^'ly^i 7\zm^^titi- 
1 ^mcx p^-r^/i^^M I s 

FETQp(0-^Op-^®^#<*:®«cl 4 (V — K 

7(;l?^^$i^^-*^co=l:/^^ hxlN-/U2 2SrilC 

Tn^-Y^/l-liM I SFETQnCO— ^c^fCOn"^ M^r^t^ 

[0 0 5 6] ±ia>'7 5''>^;^-=ey(^:7'ci:/^A 

05 (;^^y-&/K^ttf^mm^)>^<tU^(2l6 (;^^y-fe 

[0 0 5 7] *#3^;2fSbmi. ^^Lfc^^yiryw (M 
I SFETQm) (DV-^^ (1 1. 1 5) ^^mMML 
(OV) <i: L. ^- VmM (10 a) ^SjlU^KU'-f > 
(13) Id-^tL^'ttS VOiEm/E<S:^J!JDi-6o CHI^J: 

9. tessy-^ (11) codsg^iwia6tc^-rj:5/^m 

h^u>^ hD> (e - ) ii^mit'^V 
8*com^ h^^/:7^lc:aA$n. VWm (1 0 a) 

[0 0 5 8] ^fc. Sg^aiLiljf^t.P<tl^. ^g^LfcT' 
^yir>'K;oy->^ (11. 15) ^^mnM (OV) ^ 
(10 a) $5J:U^Kt--f V (13) Id^ 

n^*H2 v(?5iEm/E^fn;tjpLTfT5o I'N^Rimi. y^ 
y-fe/wcoKu^v (13) i:^mmML (OV) <b y 
(11. 15) ICS v(7)jEmjBE. f>m<^ (1 0 

a) tC-l OViT?:^ -etL^'naiAPL. miti^))^ 
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>'8l8*lc h7s/:/$iX7tm^^Sffi (p^!>^/u5) 

flij'-»tta-r5^i:j;:j:9. ^-hmffi do a) 

[0 0 5 9] ±ia^»^tty ^ y coMig::^&(7)- 
W^E17'-|gll8 (y^yir/i-Tu^MSEclr-tixlcSlgi 

m) ^m^xwim-r^o 

[0 0 6 0] ^i*. Iil7iC;^f J: P lOQcra^Jg'^ 

10 tei^r^SU. ^(r3^Mi:i3l^ge^b (locos) 

M/? 5 0 0 nmSjK(7) >^ ^ -JV Vmitm. 2 ^f^f& U^ct^ . 

[0 0 6 1 ] ^iw. m 8 (ci^-r J: 51-. y ^ y ir/vr u- 

y^yiryi-TU-<fi|iS*3j;t/j^iaipIK(0-SP (n^ 
20 i'^/l^^MI SFET?f^j^^«) (TD^S^Is^tgl |::^VN 

/USlMI SFET?^^fi|«) cOi|^#ft:S«l(wjSV^nS 

[0 0 6 2] ^V^nM^7^/l^4*l. y ^ y ir/WT l^^T ?i 
i|!c(::^?L?f|5^^ttytflI/?5 ium^JSo:7;t- h i^v^y^ hM 
^-v'J^^^dL.T. J!jP3SJ^^yW^— 3 0 0 0 k e V. K- 
XSl X 1 0 13/cn,2^7)^{4:x*^^^S^gl dn^^^i^ 

(y^-) ^-r:?rviT^i^.^Lxfl^^-r^o ^v>p 

M'?:i^>'V'5fl. y^y irywr n^^;ti/i<MM 

30 I sFKTmf^mi$.t{^miiu^m\ftcmm2, 5 um 

-4 5 0keV. K— XSl X 1 0l3/cn?43^tJfjfjp5gai 
^/V^- 2 0 0 k e V. XS3 X 1 0 12/cm260*# 

^ywMM I s F E T?i^fiS;m«cJc:^?Lgp^S:*tyhflgi? 2 . 

^/u=¥^— 1 0 0 0 k e V. K— XS:l. 5X10^^0 
ni2. 3llP]S3i^y^=3jS— 3 7 0 k e V. K— XS3 X 1 0 

40 /cm2:J^ J:t/;(JP3$^-^/^'=^— 1 8 0 k e V. K— XS 1 X 
1 0l2/cn,2(;)^^-e^^<*:S«ll^n§!^*fiifel (y>^) 

[0 0 6 3] /jr*5. JilEUfepS^^^/WS^Jgfig-t-S/c 
>!>0^^>'jT^>i^^XgT% y^y-tyl- (M I S F E T 
Qm) ^Dctt/n^i-^yUSM I S FETQrKOL^V^-fa 
m/E (Vth) S:SISt-63^ci?)<o^)i3Bift (:i^e7^) ^|^^ 
(C^x^>^A■f-6 (J!jP31:3i^/i.:3ji~-5 0 k e V. K-X 
SI, 2X10l2/cm2) , ^fc. n §^ 6 <SrJg^-r 
>5fc^(^)>r ^T^fl-^i^^XST. p^-^-^y^SiM I SF 
50 ETQ p(DL#V^{tm/E (Vth) ^fflS-fS^tfeO^l^jisE 
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2 p k e V, K— 1 . 5X10 ^^/cm^) , 
[0 0 6 4] ^^iC. p3!^7^/V5. nM'>=^/^e(D^tl 

\.fcm. m 9 {ZTjki-x b ^mwm^ 1^750 
u ^e^t-S^^kv-iJ ^»^7(7)±^(w8 0 ox:mig(7)#ft 

CVD&-CK/i:7nmSS(0^^li>'y ^i^mBi:^^'^ 
[0 0 6 5] »ctc, El 1 0 tc^-r ct 5 -hia^^kv' 1^ 

:^^7. ^{kv'y =»:^fli8) ^<75XST*ji^^$ti.^ 

[00 6 6] ^felC. El 1 1 J: P 1 

^8 0 0t:aSX-fRK{t:LTpM!>^/^5. nSir^myi^ 

6 <n^^^f\.(r>mM\^mm- 1 5 nma^SoSefl- y 3r >^ 

9^?i^^i-^. >^y iryi-r U'^^^i?:)^^!: 

ixy n>|^8t>ra^l-Kfb$tt6(30T% -^eo^cilctJK 

[0 0 6 7] ^id. ID 1 2 J: p ^ ^ y -fe/i^r 
i^-f ®i^i?5®&^t:>^y ^'^'fllBJiicpt^y-fe/u (MiSF 

ETQm) hmSl 0 a ^fl^^L. 

(Dmiti^V =i^^flM9±|c:p^i'^/W^M I SFETQn 
coy— hm^^ l 0 b <t nf^-^^yU^M I S F ETQ p CTD 
y- 0 c ,i:S:?i^^i-'6. y-hmfiilOa. 1 

Ob. lOcfi. S^ibv-y ^>^9±;;i6 0 ot:aS(^ 
Sic V vrnxmrn i o o nm^g. y >'igs 2x10 20/c 

[0 0 6 8] m^. mis {z^-tx b ^mvmWi 1 

(7):^S(;i^P5g^^/^:¥-- 4 0 k e V, K— XS 1X10 

'^'^/c^<o^^x*xiW^'imi (y>') ^-<:?i->'n-^iz.^-r 

0 a. 1 0 c O^n^'niT) 

fS^{iyc0p^r>^yW5ib*ctt/y~- h^i^l 0 b<7)f^i|iJcOn 

[0 06 9] 014 (w^-r ct 5 ^ y ir/K^ 
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h Ui^;^ hMSr^:^^J^Jc:bT. *P3£3L;f;/V'd?— 5 0 k 
e V. K~-Xfi3 X 1 0 lVcra2(D^f4=XpMe7niyi.5iC: 

y^yiryv.*?? Ku^r^- 4r1t^1- 6 n-" Si^#<*:^*lcl 3 

[0 0 7 0] ^kd. Ell 5{-:^i-i:5{r; pf^-^^l^yv^ 
M I S F E T?i^AS;aii§!clc:r^7LgB«rKtt/cflIi¥ 1 m maS 

10 OkeV. K— XS2 X 1 0l3/cm2(D^frT*nl!^7iiiy^ 

Srt«c:J:|9; 1 O bOM«JOnS?f>^/^6 

icmflSn- ®^^»®«l l^««bTig;^*i£ife«S<^' 
p- §^^§f^®i|!cl 2^?i^i*-r6o 

[ o 0 7 1 ] m-c^ la 1 6 id^-r <fc 5 ^mw^Wi 1 

JidC V Dfe-eMii: 2 0 0 ninSJK<^«{k-> y 

^^^^^iZ-r-Sw^icij:!?. 0 a. 10b. 

1 0 Ki(r>^f\.^jc\.<DmmzM \ 5 OnmmScQ-y--< K!>:i" 

20 — /i-^^^— iM 6 ^?i^^S;i-^o c:(?:>i:#. ;^^y-fe>'V(o 
y-;^?F^^M«c^«oTv^^g^{bv^y ^^v-iKg tmc^ 

[0 0 7 2] »Clw. El 1 7 teiTj^f i 5 t-> P ^^^/l-m 
0 k e V. K— XS3 X 1 0 ^^/cm'^<D^fi^Xnm^=^^l^ 

6{zpm^mm (ii':^^yityi'^^m) ^4:ti^n^]2<^'r 

^:it\^X^s p^'^'^/V'MMl SFEToy— K 

U'^>'^«^-rsi«^ji5e«5«s<op'' 4 
30 ^?f$^-rSo 

[0 0 7 3] jggv^X. ;X-=eyir>'K^y-J^Jg^M«c<bn . 
^^^/HJM I S F E Tfl^^ai«ca: lcBS7LSfl5S:^*t;/hK 
iSi /zmSl$<^:7;j- h i^i^:^ MK^-^;^i5^t-LX. 

cii;^;/V:¥-5 0 k e V. K— XS:2 X 1 0 ^^/cti?(D^i^ 

-r^c^idj:?). 7«^y ■fe>'i-<^)y-^«r«^-t-'5ii5^jffi 

n + S^^fls^m^iSc 1 5 ^ . n^-Y^/V^MIS 

FETcoy-;^. Ku-O^l^^-rSiS^^fi^jiftScon 
S^»f*:S«cl St^fl^fiK-rSo wC*X<75XjSX. 
40 p<^y ir/V- (MI S FETQm) tmm\Bl^(DM I S F 
ET (n^^i'^/l-SJM I S F ETQn. p^^^/l^SlM 
ISFETQp) t^^^M-r^o 
[0 0 74] mis {Z7r:-rx 5 1-. ¥^»f*:StS 1 

JzlZCVDffiX^^S 0 OnraSSc^g^fbi/y ^'^^Ml 7 

^itSUfc^. y^;*- huv?;^ hM*■^;^^5'tc:uxK^b>- 
y rivj^i 7^ K7>f ^s/^Vi?^-t-6C<!rJwJ: 19, 

]}±J\^<DY\^'^ l>^(r>±.^^ n^-Y^/V/lilVI I S F ETQ 

ncT^y— Ku^:/(?D±a5^Bj:t/p^-Y^>'^'MM I s 
F ETQ p <7)y— KL^-Y iy(D±t^{z^ti^ti=i>^ 

50 ^5^ h^J^— /^2 0. 2 1. 2 2Sr?gfiS-r^p 



(10) 

[00 7 5] ^(D^, ^ly^^ V aJn— /U 2 0 ~ 2 2 (D^ 

y^^-=.iyv\^xmm2 3-2 7 ^msi^'r^^t{::x 

«9 s StrlEia 2 (c:^-r*^J£<^ :7 ^ 5/ ^ ^ y 
[0 0 7 6] ±^s.<D J: 5i idlg^ $ titi:^^m(Dmm(o y 
y-iryw^|^1^. ;^^V±/i^f)'^m~(DMl SFKTXmfS. 10 

[0 0 7 7] :^mm(Dmmcoy'7iy^>=i.?i^vn. 

x;/h^^y-fe/KDJ:5/J^iSffi*tg^i»^^v^/j^^/^(DT^ B 

tctb\z^ ^^e*<7)-!^-r K[>;*--/^>5^- hSS^^lix./c-fe:>'^ 
V\ 30 
[0 0 7 9] :^^M(Omm(Oy9^yi^2iu^^V<Dm^^:^ 

='>'jK7. s^kv-y ='V]K8. K^b'vy ^^-iKQA^fj/j^ 

t-yy^^tcffiix^rc^^^ttp'^y <I^Jlmi- 
[0 0 8 0] {mM(Dmm 2 ) *:J^J£<Dfl^ffioD:7 ^ s/ > 
;i.^^y oDK^:^rfc^EIi S'-'iEia 3 (^^yiryi^ru 40 

[ 0 0 8 1 1 El 1 9 td^-t-J; 5 1;:. pSco^ilgS 

v-y = v;^)^e>/c^^^#f*:£«i(7)^®(-:7^-/i. h^mt 

JK2«r?i^^Lfc^. :7^--yuK®?^bM2Xia^ixfcm^ 

?^fiKffi«o^ffi(rK<kv^y ='>^jK3Sr?K^-reo 

3i/b4^?f^;S:Lfc^. y^y ir/WTU^^i|!c^oi:U5;^]iZ2 
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[0 0 8 2] m20 i: 5 1 

^8 O 0'CajS-e^.g&^bLTpli^>3iyU5, nM^'^>'V' 

6 (n^h.^'ti(Dmm:imm i snmssoy- hKfb^s 

O^rm^i^tcm. (§12 1 (c^-t-J: ^^(*:S«1± 
iC6 0 6t:SJ!tC0^CVDaX^jgSv^y riV-JK (Bl^ 

-fr-f) 4^lK/?2 0 oas±iaL;/h^. >^:i- h ixi;^;^ 

^-^j^-J'ICLTCcT^^^^sv-y ^^-^3 1 ^ h*9-(=^ y 

^^^^•r^c^tcij; p<^y ^/K^y- hmti3 1 a 

*3J:t/^i22[iIKcoy- hmiSS 1 b. 3 1 c ^Jf^^^T 

[0 0 8 3] m22 {ziTjki-x 5 1^. ±isy- f>m 

IS 3 1 a . 3 1 b . 3 1 c (0±^^^U^mi^mm 1± 

SL,fc^> mitiyv=^>^ms2(D±m^cvDmxmm 

5 OnmSS<^g&il:'>y ^r^-flgS 3 ^JtS-f-S, 
[00 8 4] El 2 3 {c^-r ct 5 P« ^ y -fe/KT) 

U&(DV:t h t-v^;^ h]K^'v;^i5^ic:u-CKft:v'y ^'VM 

3 3^^7 315^ h:3^5^^^^^U m^^X±my:t 
hm^r^yi^>'^X^^Cfc'^^ K^b'^y ='^^1^3 3^ 
-r^>5^|c:LX^{h:i/y =^lym3 2^^=cy h^y^i^i^ 

m(r>^- hss3 1 a t^m^x\i^^mtiy)) ^i^mz 
[0 0 8 5] jsfejw. E12 4iw^-rj:5i-. -bie^^bv^y 

='>'flg3 2 4r-^>^i5^tc:L)te^^s/ h^>^:^i?^T*^^ y 

^^-r^o ::co<i:#. y-:^m^mm\z.m^\^xy<^- 

[0 0 8 6] ^felC. El 2 5 ICTj^-r J; 5> 1^. 1 

^7 5 ox:mmxmmt\^x?^^V'^^i-(Dy'-:^j^^m 
mt^(Dj&m\^^m urc p m s(Dm:m\^mm 5 nm 

y •feyV(oy->^?g^^*Soiff«?tcg8muxv^6y- 
^^3 1 a t>P^{^^^b$H. ^(Dmm\:imm5nmUS[(^ 

[0 0 8 7] El 2 6 {^^i-^ 5 ^m#^mm 1 

-hlwCVDfeX^l OnmSJKcoMfkv'y =^^3 6 Sr 

mm-r^, cnicj:t). hmi^i o a^TDTSPt^y- 
^^^i^AK^ScWJicK^bi^ y 3 4 . v- y ^ 3 
6*5j:t/Kft:'>y ^fi^^s 5d^^/j:e3Jioy- h«6i» 

[0 0 8 8] ^Id. El 2 7 i;i:^-r J: 5 l^i. ^^»:S« 1 
<7)^ffilc:Al]ji^'^/^=¥— 4 0 k e V. K— XS 1X10 
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[0 0 8 9] iSki::. El 2 8 dTj^i" J: -5 p< ^ y ir/KD 

:t hi-i>:^ \-m:^-^^^\ZLX. JdPjg^ai^/V^— 5 0 k 
e V. XS3 X 1 Ol5/cm2co^f4:x-pS!!j7ni/W5(;i 

[0 0 9 0] 13 2 9(C7j^-rj:5l-. pf^i^-^^/V^SJ 

M I s F E Tm^mmmni^^mit'ftimm i /i mms 

OkeV. K— Xfi2 X 1 0lVcln2(^)^^4:X*hS^!>^>'^ 
p- m^mi^mm3 8%:j^fs.'f-^^ 
[0 0 9 1] m^. m 3 0 {ZTjk-rx ^ ^mi^m^ i 20 

-J^-hmffiS la. 3 l b. 3 1 c<D^ti 

4 2^j^j^'r^o :i(r>t^. y-hmms 1 a. 31 

m<S3ia. 3 1b. 3 1 c(^:)^®Jiss^i-r'5o 

[00 9 2] m 3 1 J: 5 t-. p f^-Y-^/L-M 

M I s F BTmf^mm\zm^^^^iffcm:m 1 m mms 30 

OkeV. K— XS3 X 1 ol^/cm^tD^^-CnMe^^/V- 
^wtdJ:!^. p^-^^/i-^M I S FEToy — K 

lO 0 9 3] jj^V^T. P'^y ir/KT^y-^Jj^jig^iac^ n 
f^-r^yU®MI SFETJI^^gi^E^tCg^TLgB^^ttfcM 
i?l /imgiS<^:7;^- h Ui^^ h]K^-^:^^icLX. J!jPa^ 
m^'/l^^— 5 0 k e V. K— Xfi 2 X 1 0 15/cn,2^^^ 40 

ifeftJ^c^n-' ®¥^«<*:ffl*K4 1 n^^^yVfSM I S 

>^yir/P (MISFETQm) <i:j^3aiHlKOM I S F 
ET (n^-t^yP^MI SFETQn. pf^-^^yl^SJM 
ISFETQp) t?5S^^-r6o 

[0 0 9 4] ^^«s:SfiicoS®<Srr>^5, [.015/ 

^V^L-C-€:tL-?iX<Z)M I S FETCoy — Ki-'-fV' 50 
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c0^ffi^SoTV^^K^b'>y =»>1^3 4 4rS^^U/c^. 
1113 2iw7T^i-J: 51-. hmffi3 1a. 3 1b. 3 1 

cioctt/y-;^. Kl/-^^^ {n+ M^#<z^®igc3 9. p 

M^^<*^i«c4 0. n-' M^^fr^iS4 1) (t:)^®!;: 

3»i. {?iJx«*«f*:S«l-h«c:;^/'?iy^y i^i/fi-eco 

fli^«SL. »:l^X^^#<*:S«l^Si^3®L-CigB!,^^k 
JR^irSfi (S i ) ^XXJ^y- hmm (3 1 a -3 1 

c) <h^^J^;;^■t•TCo'>y1^^ K^^Ji^^ufc^; ^ 

[00 9 51 EI 3 3 id^f i 5 StriBUJfeco?^ 
^1 ^lRl^t<o:^fe(wJ:i9. ^#^S«iJilwiiSUfc®& 

ibv'y 3 >-^4 4lCr»^^^5^i5^ 5. 4 6. 4 7 

^fl^^Lfc^. K^kv^y ='>JK4 4<7)J:Sf|5»Ci£^4 8- 

[00 9 61 Oa 3 4 f^. ±15 b^K5g:*r}feT*«6ffi-t-S >^ 

^^y iryvcoS!iittc@^<D>^^ h 
•^:^^«S{b'>y ='>'BI<^J[lPXffi (No. 6) i:Ki^-r^^ 
J^^ffi (No. 7) (^2tficx**?!3. 0'^\zWimt^inx\^^ 

(0 0 9 71 ^fc. Jil5U3rc:&fcX®i3gL)t>'^ 
t^ti. ttIIBllJffi<7??gffil(0:7^5/'>=.7«^y irPimsx 

[00 9 8] (mmcomm 3 ) la 3 5 >^mm(Dmm 

(DVyy'yz^:^^}) 0-fe/W«it^^f ^^(*:StS<^Sa5 
[0 0 9 9] StliailiSco?^® 1 ^ y -t-yw (M I S F 

ETQm) fi. Ku-f hil6»lK*iS<^»fb 

'>y ='>'J!I9X^^Urv^5^7)^c:ML.. *:|ISS^?^?i^ffiX 

t/^<OTStC?^i*L7t«?^bv'y VK6 0<^)2^fllX« 

^LTV^^/^/c. 2S<7)Se<t:v'y =»>^^9. 6 

'>y ^'^'KS i:.T-«*§ix)ty-^ffi!l<7)^- h^JK<75 
LV>mSCW^SJKi? («^Jx.tfl7. SnmSJK) X«^$ 

[0100] :^mm<omm(D p< ^ y -tywojiis l/c^^^ 

•=eyiryui:|^CX*)6o ^:fc. *ll«6<?5?gffiO;^^ y -fe 

i^mG o^jBiS.-t^x.m^^-x.mm^^^^i^. striae 
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[0101] ^mi&<Dmm(0':7y yi^zL?(^v 
j^. h«fe,SM(^m«w^afli/?S:y- hm« i o a 

-hmmm (mt^>v =^>m9. ^iti^v ^^^-ms. m 

[0102] mMcoWm 4 ) 121 3 6 ^SUHfiOfl^^ 

[0 1 0 3] tfriajlJS<^Ji^^i cD;^^y-fe/wfi. y-;^ 
(w^*L. *^jS(D?!^^x*«. hrni^i 0 a <D-m(D 

h«fe/SM^f*:^±IE3gM (K^b'>y ='VM9. ^ 

I 0 1 0 4 1 :^mm<OWm(0 ;^ ^ y -tr /v-O Jiie Ufc J[it^ 
^y-fe/v<!:PD-C*>6o *IIJ6cr)?^ffi(^p«^y -fe 

g^fb y ^ 7 <^ ^{bv^ y >fli 8 

[0 1 0 5J (Ilife<7)?[^ffi5) 1^3 7«. >^mM<DmWi 

[0 10 61 C<D:7 7 2/'>^;^^y li. l2tg^^Si5T-*) 
r S FETQ c trnVi^M I S FETQ s i:X->-=e 
y iryW^«^LTl>'5o falit^^§P(Z)M I S F E T Q c 

mmi OningjK<^^^b'>y =»:^K7 1 i:. mmi OnmS 

iffeiaj^jijw?!^^ $ tLfc^jgs y =1 i: f> 6 s 

#3i^/?B5feffl(Oy-Hmffi (PEG) 7 St. z.<nv 

- hmffi7 3<7)fWfty^^4^^»f*s«uc?^^$ixfcy- 

[0 10 71 y-;^fi. — i^a5;isy->||^7 3COTSI5 

y- hm^l7 3l;i>Pi-UT:^:7-fe5, hi-^J:5{::?!^^$tL 

7 3(7)TSfl5^T*jigaE-r6ii5^Mite«ScOn+ Si^^^*® 
[0 10 8] ^yb. igg^^MI SFETQsil. L 
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G) 7 8i:. r<7)y- hm8g7 8 0rSf<|iJ<7)i|i»«cS:Kl 

Jw?i^^^nfcy->^ (jgJ^ffilfiJcS) . Ku^^-^-cw^s 

«^*i|LTl^-5o y — ^Ji. ±iaMI SFETQc^OK 
^'-r>-efc5ii;^^!fe^ft^cOn■' my^mw-w^i ^xm 

10 [0 10 9] ±.^yy y'yz^:^'^^) (T^^^^y J>>W\V^^ 
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(54) [Title of the Invention] A semiconductor integrated circuit device and its manufacturing method 
(57) [Scope of the Patent Claims] 
[Olaim 1] 

A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs, and 
where a gate electrodes connected electrically to word lines are formed on a gate insulation film, 
formed on a first conductive t3^e semiconductor substrate. The first and second semiconductor 
regions of the second conductive t3^e comprising source and drain regions, are formed in the 
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semiconductor substrate, and a channel region is formed between the first semiconductor region and 
the second semioonductor region. The semiconductor integrated circuit device is characterized by 
the fact that the gate insulation fOm consists, at least in the first semiconductor region side, of three 
layers of insulation films where a silicon oxide film, a silicon nitride film, and the second silicon 
oxide film are accumulated, and that writing into the memory cell is performed by setting the second 
semiconductor region at a higher potential than the first semioonductor region. 

[Claim 2] 

A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs, and 
where the gate electrodes connected electrically to word lines are formed on a gate insulation film 
formed on a semiconductor substrate. The first and second semioonductor regions of the second 
conductive type comprising a source and a drain region are formed in the semioonductor substrate, 
and a channel region is formed between the first semiconductor region and the second semiconductor 
region. A semiconductor integrated circuit device characterized by the fact that the gate insulation 
film consists, at least in the first semioonductor region side, of three layers of insulation films where 
a silicQn oxide film, a silicon nitride film, and a second silicon oxide film are accumulated, also that 
the impurity concentration in the part extending to the lower part of the gate electrodes in the first 
semioonductor region is lower than the impurity concentration in the part extending to the lower 
part of the gate electrodes in the second semiconductor region, and that hot electrons are injected to 
the silicon nitride film by generating the hot electrons in the first semioonductor region side. 

[Claim 3] 

A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs, and 
where the gate electrodes connected electrically to \yoicd lines are formed on a gate insulation film 
formed on a semiconductor substrate. The first and second semiconductor regions of the second 
conductive type comprising a source and drain regions are formed in the semiconductor substrate, 
and a channel region is formed between the first semiconductor region and the second semiconductor 
region. A semiconductor integrated circuit device characterized by the fact that the gate insulation 
film consists, in the first semioonductor region side, of three layers of insulation films where a silicon 
oxide film, a sUicon nitride film, and a second silicon oxide film are accumulated. The second 
semiconductor region side consists of a silicon oxide film, and that the impurity concentration in the 
part extending to the lower part of the gate electrodes in the first semioonductor region is different 
finom the impurity concentration in the part extending to the lower part of the gate electrodes in the 
second semioonductor region. 

[Claim 4] 

A semiconductor integrated circuit device described in Claim 1 or 3, characterized by the fact that 
the impurity concentration in the part extending to the lower part of the gate electrodes in the first 
semiconductor region is lower than the impurity concentration in the part extending to the lower 
part of the gate electrodes in the second semiconductor region. 

[Claim 5] 

A semiconductor integrated circuit device described in Claim 1, 2, or 4, characterized by the fact that 
the gate insulation film is made of three layers of insulation films comprising a first silicon oxide 
film, a silicon nitride film, and a second silioon oxide fiilm are accumulated in the first semiconductor 
region side^ and a silicon oxide film in the second semiconductor region side. 
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[Claim 6] 

A semiconductor integrated circuit device described in one of the Claims 1~5, where a semiconductor 
integrated circuit device is characterized by the fact that the!, gate insulation film has the first 
semiconductor region side and the second semiconductor region side having almost the same electric 
capacity film thickness. 

[Claim?] 

A semiconductor integrated circuit device described in Claim 1, 2, 4, 5, or 6, where a semiconductor 
integrated circuit device is characterized by the fact that the gate insulation film has the first 
semiconductor region side and the second semiconductor region side consisting of three layers of 
insulation films consisting of a first silicon oxide film, a silicon nitride film, and a second silicon 
oxide film are accumulated. 

[Claims] 

A semiconductor integrated circuit described in Claim 1, 3, 4, 5, 6, or 7, where a semiconductor 
integrated circuit device is characterized by the fact that writing into the memory cell is performed 
by injecting hot electrons into the silicon nitride film composing a part of the gate insulation film. 

(Claim 9] 

A semiconductor integrated circuit device described in one of the Claims 1~8, where a semiconductor 
integrated circuit device is characterized by the fact that among the three layers of insulation film 
composing at least a part of the gate insulation film, the film thickness of the first silicon oxide film 
formed in the lower layer of the silicon nitride film is thicker than the film thickness that direct 
tunnel current flows. 

[Claim 10] 

A semiconductor integrated circuit device described in one of the Claims 1—9, where a semiconductor 
integrated circuit device is characterized by the fact that the second semiconductor region consists of 
a first conductive type semiconductor region whose one end extends to the lower part of the gate 
electrodes and a second conductive type semiconductor region whose one end is separated firom the 
gate electrodes, where the first semiconductor region is made of the second conductive type. 

[Claim 11] 

A semiconductor integrated circuit device described in one of the Claims 1—10, where a 
semiconductor integrated circuit device is characterized by the fact that reading out of the memory 
cell is performed by setting the first semiconductor region at higher potential than the second 
semiconductor region. 

[Claim 12] 

A semiconductor integrated circuit device described in one of the Claims 1—10, where a 
semiconductor integrated circuit device is characterized by the fact that reading out of the memory 
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cell is performed by setting the second semiconductor region at higher potential than the first 
semiconductor region. 

[Claim 13] 

A semiconductor integrated circuit device described in one of the Claims 1~12, where a 
semiconductor integrated circuit device is characterized by the fact that a source line is formed by a 
plug embedded in the first connection hole formed on the upper insulation film in one of the first and 
second semiconductor regions, and that bit lines are connected to the other of the first and second 
semiconductor regions via a plug embedded in the second connection hole formed on the insulation 
film in the upper part of the other of the first and second semiconductor regions. 

[Claim 14] 

A semiconductor integrated circuit device described in Claim 13, where a semiconductor integrated 
circuit device is characterized by the fact that the first connection hole and the second connection 
hole are formed self- aligned to the space of the gate electrodes of the MISFET. 

[Claim 15] 

A semiconductor integrated circuit device described in one of the Claims 1~14, where a 
semiconductor integrated circuit device is characterized by the fact that the memory cell consists of 
the MISFIT comprising a memory element section and a selection MISFET. 

[Claim 16] 

A semiconductor integrated circuit device described in one of the Claims 1~9 and 11-15, where a 
• semiconductor integrated circuit device is characterized by the fact that the first semiconductor 
region and the second semiconductor region are the same conductive t3^e. 

[Claim 17] 

A semiconductor integrated circuit device manufacturing method characterized by the following 
processes^ 

(a) a process where, after forming the second silicon oxide film on a semiconductor substrate, the 
gate electrodes of MISFET are formed by patterning a conductor film formed on the top of the second 
silicon oxide film, 

(b) a process where, after forming the second silicon nitride film on the semiconductor substrate 
containing the upper part of the gate electrodes, the fourth silicon oxide film is formed on the top of 
the second siLioon nitride film, 

(c) a process of exposing the upper part and side walls of the gate electrodes of the MISFET by 
etching the fourth silicon oxide film and the second silicon nitride film, 

(d) a process of exposing the bottom face of the gate electrodes and the semiconductor substrate in 
the first region of the lower part of the gate electrodes and leaving the second silicon oxide film in the 
second region of the lower part of the gate electrodes by isotropically etching the second silicon oxide 
film, 

(e) a process of forming the first silicon oxide film on the top fkce of the semiconductor substrate 
and the bottom face of the gate electrodes in the first region by thermally processing the 
semiconductor substrate, and 
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(0 a process of forming the second silicon nitride film on the semiconductor substrate containing a 
space between the first silicon oxide film formed on the top £sice of the semiconductor substrate and 
the first silicon oxide film formed on the bottom face of the gate electrodes in the first region. 



Being a semiconductor integrated circuit device manufacturing method described in Claim 17, a 
semiconductor integrated circuit device manu&cturing method characterized by the fact that it 
contains a process of introducing an self-aligned impurity to the end of the first region side of the 
gate electrodes to form the first semiconductor region in the semiconductor substrate and a process 
of introducing an self-aligned impurity to the end of the second region side of the gate electrodes to 
form the second semiconductor region in the semiconductor substrate, and that the impurity 
concentration in the first semiconductor region is set lower than the impurity concentration in the 
second semiconductor region. 



Being a semiconductor integrated circuit device manufacturing method described in Claim 17 or 18. 
a semiconductor integrated circuit device manufacturing method characterized by the feict that the 
MISFET comprises a nonvolatile memory, that the gate electrodes of the MISFET comprising a 
peripheral circuit and the gate electrodes of the MISFET comprising the nonvolatile memory are 
formed in a process of patterning the same conductive film, and that the gate electrodes of the 
MISFET comprising the peripheral circuit are formed in a process of forming the second silicon oxide 
film. 

[Detailed Explanation of the Invention] 
[0001] 

[Field of Technology] 

This invention relates to a semiconductor integrated circuit device and its manufacturing technology, 
especially a technology effectively applicable to semiconductor integrated circuit devices which have 
a nonvolatile memoiy of the single MISFET structure that makes the insulation film trap a charge 
accumulation region. 



The basic cell structure of a nonvolatile memoiy formed on a silicon substrate is classified into two 
large categories- the floating gate type where a floating gate is installed between a gate oxide film 
and a control gate (word hnes) above it and being electrically isolated from the surroundings is made 
a charge accumulation region, and an MNOS (Metal-gate Nitride Oxide Silicon) type where having 
no such floating gate, a gate insulation film is made of a cumulate film of a silicon oxide film and a 
silicon nitride film, and the electrons trapped in the sificon nitride film are made a charge 
accumulation region. 



Figure 52 is a cross-sectional view showing a representative cell structure of a floating gate type 
memory. This memory ceU has a structure where a floating gate 103, an interlayer insulation film 
104, and a control gate (CG) 105 are formed sequentially on the top of a gate oxide film 102 with a 



[Claim 18] 



[Claim 19] 



[0002] 
[Prior Art] 



[0003] 
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film thickness of about 10 nm formed on the main surface of a silicon substrate 101, and a source (S) 
106 and a drain (D) 107 are formed on the silicon substrate 101 on both sides of the floating gate 103. 

[0004] 

Writing into each memory cell is performed by injecting electrons 108 into the floating gate 103 and 
increasing the threshold voltage (Vth) of the transistor seen finom the control gate 105 by 3V'-'5V 
compared with the condition where there is no accumulation of electrons 108. Also, the mainstream 
method of injecting electrons 108 into the floating gate 103 is to draw hot electrons generated by the 
avalanche breakdown near the drain 107 into the floating gate 103 by a positive voltage charged to 
the control gate 105. 

[0005] 

On the other hand, Fig, 53 is a cross- sectional view showing a representative cell structure of a 
MNOS-type memory cell. This memory cell consists of a MISFET (memory element section) where a 
silicon nitride film 1 13 and a writing/erasing gate electrode (PEG) 115a are formed sequentially on 
the top of a direct tunnel oxide film 112 with a film thickness of about 2 nm formed on the main 
surface of a silicon substrate 111 and a source (S) 116 and a connecting dif^sion layer (drain) 117 
are formed on the silicon substrate 11 1 on both sides of the gate electrode 115a. A selection MISFET 
where a selection gate electrode (SG) 115b on the top of the gate oxide film 118 is formed and a 
connecting diffusion layer (source) 117 and a drain CD) 119 are formed on the silicon substrate 111 on 
both sides of the gate electrode 115b. 

[0006] 

Writing into each memory cell is performed by increasing the threshold voltage of the MISITET in the 
memory element section through controlling the potential of the silicon substrate 111 and the 
writing/erasing gate electrode 115a to inject electrons 108 finom the sUicon substrate 111 side via the 
direct tunnel oxide film 112 onto the whole surface of the silicon nitride film 113 and make them 
trapped. Also, erasing is performed in the same way by decreasing the threshold voltage of the 
MISFET in the memory element section through controlling the potential of the silicon substrate 111 
and the writing/erasing gate electrode ll5a to eject electrons trapped in the silicon nitride film 113 
to the silicon substrate 111 side. In this erasing operation, because the threshold voltage of the 
memory element section is lowered to below 0 V, namely down to the depression region, the selection 
MISFET becomes necessary other than the MISFET in the memory element section for reading out. 

[0007] 

Because the NMOS-type memory cell has an operation scheme of trapping electrons inside an 
insulation film (sflicon nitride film 113), trapped electrons contribute to the modulation of the 
threshold voltage independently. Therefore, a variation of the threshold voltage over the entire 
channel region of the memory element section due to partial leakage of electrons inside the silicon 
nitride film 113 caused by defects inside the tunnel film 112 is very small. In other words, its 
retention property is exceUent, and it can be to be a highly reliable memory cell scheme. 

[0008] 

Figure 54 is a cross-sectional view showing a cell structure named "Self- Aligned Split-Gate EEPROM 
Device" described in USP No. 5408115. This memory ceU has a structure where a gate oxide film 
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122 and a selection gate electrode (SG) 123 are accumulated on the main surface of a silicon 
substrate 121. A side wall gate electrode (SWG) 127 is formed on those side walls via a three-layer 
insulation film consisting of a silicon oxide film 124, silicon nitride film 125, and a silicon oxide film 
126. Also, a source (S) 128 is formed by ion injection masked with this side wall gate electrode 
(SWG) 127, and a drain QD) 129 is formed by ion injection masked with the selection gate electrode 
128. 

[0009] 

As described in "1997 Symposium on VLSI Technology Digest of Technical Papers p63-p64", writing 
into a memory cell is performed by charging the source 128, side wall gate electrode 127, and 
selection gate electrode 123 with voltages of 5 V, 9 V, and 1 V, respectively with the drain 129 as the 
ground level. 

[0010] 

Figure 55 shows the potential distribution and electric field intensity distribution of the channel 
region in the writing operation of the memory cell. Because the voltage (5 V) charged between the 
source (S) and drain (D) is mostly charged to a void layer of the source, the electric field intensity 
along the channel direction becomes maximum immediately below the side wall gate electrode 
(SWG) as shown in the figure. Therefore, electrons running from the drain (D) to the channel region 
are accelerated in a high electric field region near the source (S) leading to the avalanche breakdown, 
and hot electrons generated at this time are injected and trapped in the silicon nitride film (125) by a 
vertical high electric field caused by the side wall gate electrode (jSWG). Namely, by electrons being 
trapped in the silicon nitride film (125) immediately below the side wall gate electrode (SWG), the 
threshold voltage seen from the side wall gate electrode (SWG) rises up. The writing scheme by 
these hot electrons is basically identical to the scheme where the hot electrons near the drain in the 
floating gate type memory cell are drawing into the floating gate. 

[0011] 

Also, in reading out of the memory cell, a voltage of 1.8 V is charged to the side wall gate electrode 
(127) and the selection gate electrode (123) with the source (128) as the ground level, and modulation 
of the threshold voltage seen tcom the side wall gate electrode (127) due to presence/absence of an 
electron trap in the silicon nitride film (125) is judged from the drain current. Because this memory 
cell performs writing using hot electrons, even if the silicon oxide film (124) immediately below the 
siUcon nitride film that traps the electrons is formed with a thicker film thickness (about 10 nm for 
example) than the direct tunnel oxide film of the MNOS-type memory cell, the writing speed does not 
become degraded. Also, the thicker this silicon oxide film (124) is, the lower the defect density 
becomes, and the retention property of the memoiy cell improves as the result. 

[0012] 

IEEE Electron Device Lfett., (vol. EDL-8, no. 3, pp. 93-95, March 1987) discloses a nonvolatile 
memory of the single MISFET structure which has no control gate. Memory cell of this nonvolatile 
memoiy consist of a gate electrode of poly crystalline silicon formed on the top of a gate insulation 
film, with a source and a drain formed on a semiconductor substrate on both sides of this gate 
electrode, and the gate insulation film consists of the three-layer structure where a silicon nitride 
film is sandwiched between two layers of silicon oxide film. 
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[0013] 

Writing into each memory cell is performed by making the carriers near the drain to be injected into 
the silicon nitride film and trapped. This memory ceU is excellent in its retention property compared 
with the MNOS-type memory cell because the carriers in the silicon nitride film sandwiched by two 
layers of silicon oxide films exist locally in a narrow region near the drain. 

[0014] 

Japanese Patent Disclosure Hei 6*232416 public report discloses nonvolatile memory of the single 
MISFET structure where a gate insulation film and a trap film that retains the carriers are formed 
in sequence on the top of a channel region between a source and a drain, and a gate electrode is 
formed on the top of this gate insulation film and trap film. The gate insulation film is made of a 
silicon oxide film, and the trap film consists of a three-layer structure where a silicon nitride film is 
sandwiched between two layers of silicon oxide film. 

[0015] 

Writing into each memory cell is performed by injecting electrons into a silicon nitride film and 
trapping them in a silicon oxide film (tunnel oxide film) of a bottom layer comprising a part of the 
trap film. Because this memory cell forms a gate insulation film of a normal enhancement MISFET 
and a trap film in the memory section that retains the carriers in the lower part of a single gate 
electrode, the cell area can be reduced. 

[0016] 

[Problems Overcome by the Invention] 

The floating gate type memory cell described above can be designed with relatively a small cell area 
because a control gate (word lines) is accumulated on the top of a floating gate, having a ceU 
structure fit for increasing the capacity. On the other hand, although the MNOS-type memory cell 
has an excellent retention property compared with the floating gate type memory cell, being 
regarded as a highly reliable cell scheme, because it requires two basic elements for a memoiy 
element section and selection, the ceU area under the same design rule becomes 4—5 times larger 
than the floating gate type memoiy ceU, having the shortcoming of not being fit for increasing the 
capacity. 

[0017] 

Also, the memory cell disclosed in USP No. 5408115 has comparable scalability to the floating gate 
type memoiy ceU and a rehability equivalent to or higher than the MNOS-type memory cell. 
However, its cell structure having a selection gate electrode and a side wall gate electrode makes the 
writing/erasing operation complicated compared with the floating gate type memory cell, increasing 
the required peripheral circuit area as the result. Moreover, because the side wall gate electrode is 
about 100 nm in width, its wiring resistance increases to 5—7 times as lai^e as normal gate 
resistance, introducing degradation of the read-out speed. Furthermore, although the channel region 
between the selection gate electrode and the side wall gate electrode, namely immediately below the 
region where a silicon oxide film (124), a silicon nitride film (125), and a silicon oxide film (126) are 
accumulated in the horizontal direction is as small as about 30 nm in width, and the gate electrode 
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does not exist on its top. Therefore, this region functions as a parasitic resistance, causing a problem 
of decreasing the drain current at read -out and degrading the read-out speed. 

[0018] I 

The objective of this invention is to provide a nonvolatile memory equipped with a new cell structure 
having both scalability comparable to the floating gate type memory cell and the reliability 
equivalent or higher than the MNOS-type memory cell and its manufacturing method. 

[0019] 

This and other objectives and new characteristics of this invention will become evident from the 
descriptions in this specification and attached drawings. 

[0020] 

[Problem Resolution Means] 

Among the inventions disclosed in this application, outlines of the representative ones are explained 
as foUows. 

[0021] 

In the nonvolatile memory cell in this invention, is composed of MISFETs where gate electrodes 
connected electrically to word hnes are formed on a gate insulation film, formed on a first conductive 
type semiconductor substrate. The first and second semiconductor regions of the second conductive 
type comprising the source and drain regions are formed in the semiconductor substrate, and a 
channel region is formed between the first semiconductor region and the second semiconductor 
region. The gate insulation film consists, at least in the first semiconductor region side, of three 
layers of insulation films where the first silicon oxide film, a silicon nitride film, and the second 
silicon oxide film are accumulated. 

[0022] 

Writing into the memory cell is performed by setting the second semiconductor region at a higher 
electric level than the first semiconductor region in the selected memory cell and injecting hot 
electrons generated in the second conductive-tjqpe semiconductor region with a low impurity 
concentration into an electron trap in a silicon nitride film. 

[0023] 

Other than that, the inventions described in this application are explained item by item as follows. 
[0024] 

1. A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs, 
where the gate electrodes connected electrically to word lines are formed on a gate insulation film, 
formed on a first conductive type semiconductor substrate. The first and second semiconductor 
regions of the second conductive type comprising the source and drain regions are formed in the 
semiconductor substrate, and a channel region is formed between the first semiconductor region and 
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the second semiconductor region. A semiconductor integrated circuit device characterized by the fact 
that the gate insulation film consists, at least in the first semiconductor region side, of three layers of 
insulation films where a first silicon oxide film, a sUicon nitride film, and the second silicon oxide 
film are accumulated, and that writing into the memory ceU is performed by setting the second 
semiconductor region at a higher potential than the first semiconductor region. 

[0025] 

2. A semiconductor integrated circuit where a nonvolatile memory ceU is composed of MISFETs 
where the gate electrodes connected electrically to word lines are formed on a gate insulation film, 
formed on a semiconductor substrate. The first and second semioonductor regions of the second 
conductive type comprising the source and drain regions are formed in the semiconductor substrate, 
and a channel region is formed between the first semiconductor region and the second semiconductor 
region. A semiconductor integrated circuit device characterized by the fact that the gate insulation 
film consists, at least in the first semioonductor region side, of three layers of insulation films where 

a first silicon oxide film, a silicon nitride film, and the second silicon oxide film are accumulated, that . 
the impurity concentration in the part extending to the lower part of the gate electrodes in the first 
semiconductor region is lower than the impurity concentration in the part extending to the lower 
part of the gate electrodes in the second semiconductor region, and that hot elections are injected to 
the silicon nitride film by generating the hot elections in the first semioonductor region side. 

[0026] 

3. A semiconductor integrated circuit where a nonvolatile memory cell is composed of MISFETs 
where the gate electrodes connected electrically to word hnes are formed on a gate insulation film . 
formed on a semiconductor substrate. The first and second semioonductor regions of the second 
conductive type comprising the source and drain regions are formed in the semiconductor substrate, 
and a channel region is formed between the first semiconductor region and the second semiconductor 
region. A semiconductor integrated circuit device characterized by the fact that the gate insulation 
film consists, in the first semiconductor region side, of three layers of insulation films where the first 
silicon oxide film, a siLicon nitride fihn, and the second silicon oxide film are accumulated, that the 
second semioonductor region side consists of a silicon oxide film, and that the impurity concentration 
in the part extending to the lower part of the gate electrodes in the first semiconductor region is 
different fiom the impurity concentration in the part extending to the lower part of the gate 
electrodes in the second semiconductor region. 

[0027] 

4. In Claim 1 or 3, a semiconductor integrated circuit device characterized by the fact that the 
impurity concentration in the part extending to the lower part of the gate electrodes in the first 
semiconductor region is lower than the impurity concentration in the part extending to the lower 
part of the gate electrodes in the second semiconductor region. 

[0028] 

5. In Claim 1, 2, or 4, a semiconductor integrated circuit device characterized by the fact that the 
gate insulation film is made of three layers of insulation films where the first silicon oxide film, 
siLicon nitride film, and the second siHcon oxide fQm are accumulated in the first semioonductor 
region side, and a silicon oxide film in the second semiconductor region side. 
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[0029] 

6. In one of the Claims l-^-S, a semiconductor integrated circuit device characterized by the fact that 
the gate insulation film has the first semiconductor region side and the second semiconductor region 
side having almost the same electric capacity film thickness.j 

[0030] 

7. In Claim 1, 2, 4, 5, or 6, a semiconductor integrated circuit device characterized by the fact that 
the gate insulation film has the first semiconductor region side and the second semiconductor region 
side consisting of three layers of insulation films where the first silicon oxide film, silicon nitride film, 
and the second silicon oxide film are accumulated. 

[0031] 

8. In Claim 1, 3, 4, 5, 6, or 7, a semiconductor integrated circuit device characterized by the fact that 
writing into the memory cell is performed by injecting hot electrons into the silicon nitride film 
composing a part of the gate insulation film. 

[0032] 

9. In one of the Claims 1--8, a semiconductor integrated circuit device characterized by the fact that 
among the three layers of insulation fiilm composing at least a part of the gate insulation film, the 
film thickness of the first silicon oxide film formed in the lower layer of the silicon nitride film is 
thicker than the film thickness that direct tunnel current flows. 

[0033] 

10. In one of the Claims 1-9, a semiconductor integrated circuit device characterized by the fkct that 
the second semiconductor region consists of a first conductive type semiconductor region whose one 
end extends to the lower part of the gate electrodes and a second conductive tj^e semiconductor 
region whose one end is separated from the gate electrodes, where the first semiconductor region is 
made of the second conductive type. 

[0034] 

11. In one of the Claims 1—10, a semiconductor integrated circuit device characterized by the fact 
that reading out of the memory cell is performed by setting the first semiconductor region at a higher 
potential than the second semiconductor region. 

[0035] 

12. In one of the Claims 1~10, a semiconductor integrated circuit device characterized by the fact 
that reading out of the memory ceU is performed by setting the second semiconductor region at a 
higher potential than the first semiconductor region. 

[0036] 

13. In one of the Claims 1-^12, a semiconductor integrated circuit device characterized by the fact 
that a source line is formed by a plug embedded in the first connection hole formed on the upper 
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insulation film in one of the first and second semioonductor regions, and that bit lines are connected 
to the other of the first and second semiconductor regions via a plug embedded in the second 
connection hole formed on the insulation film in the upper part of the other of the first and second 
semiconductor regions. 

[0037] 

14. In the Claim 13, a semiconductor integrated circuit device characterized by the fact that the first 
connection hole and the second connection hole are formed self-aligned to the space of the gate 
electrode of the MISFET. 

[0038] 

15. In one of the Claims 1~14, a semiconductor integrated circuit device characterized by the fact 
that the memory cell consists of the MISFET comprising a memoiy element section and a selection 
MISFET. 

[0039] 

16. In one of the Claims 1-^9 and 11^^15, a semiconductor integrated circuit device characterized by 
the fact that the first semiconductor region and the second semiconductor region are the same 
conductive tj^e. 

[0040] 

17. A semiconductor integrated circuit device manu&cturing method characterized by the following 

processes* 

(a) a process where, after forming the fixst silicon oxide film on a semiconductor substrate, a silicon 
nitride film is formed on the first silicon oxide film, (b) a process where, by patterning the first silicon 
oxide film and the silicon nitride film, the first silicon oxide film and the silicon nitride film are left 
on the first region on the semiconductor substrate, and the first sUicon oxide film and the silicon 
nitride film in the second region are removed, (c) a process of forming the second silicon oxide film on 
the top of the sihcon nitride film in the fixst region on the semiconductor substrate and in the second 
region on the semioonductor substrate, and (d) a process where, by patterning a conductive film 
formed on the top of the second silicon oxide film, gate electrodes of MISFET is formed on the second 
silicon oxide film in the first and second regions. 

[0041] 

18. A semiconductor integrated circuit device manu&cturing method characterized by the following 

processes' 

(a) a process where, after forming the second silicon oxide film on a semiconductor substrate, the 
gate electrodes of MISPTET are formed by patterning a conductor film formed on the top of the second 
silicon oxide film, (b) a process where, after forming the second silicon nitride film on the 
semiconductor substrate containing the upper part of the gate electrodes, the fourth silicon oxide 
film is formed on the top of the second silicon nitride film, (c) a process of exposing the upper part 
and side walls of the gate electrodes of the MISFET by etching the fourth sUicon oxide film and the 
second silicon nitride film, (d) a process of exposing the bottom face of the gate electrodes and the 
semiconductor substrate in the first region of the lower part of the gate electrodes and leaving the 
second sUioon oxide film in the second region of the lower part of the gate electrodes by isotropically 
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etching the second silicon oxide £Qm, (e) a process of forming the first silicon oxide film on the top 
face of the semiconductor substrate and the bottom face of the gate electrodes in the first region by 
thermally processing the semiconductor substrate, and (0 a process of forming the second silicon 
nitride film on the semiconductor substrate containing a space between the first silicon oxide film 
formed on the top face of the semiconductor substrate and the first silicon oxide film formed on the 
bottom face of the gate electrodes in the first region. 

[0042] 

19. In Claim 17 or 18, a semiconductor integrated circuit device manufacturing method characterized 
by the fact that it contains a process of introducing an self-aligned impurity to the end of the first 
region side of the gate electrodes to form the first semiconductor region in the semiconductor 
substrate and a process of introducing an self-aligned impurity to the end of the second region side of 
the gate electrodes to form the second semiconductor region in the semiconductor substrate, and that 
the impurity concentration in the first semiconductor region is set lower than the impurity 
concentration in the second semiconductor region. 

[0043] 

20. In the Claim 17, 18, or 19, a semiconductor integrated circuit device manufacturing method 
characterized by the fact that the MISFET comprises nonvolatile memory, that gate electrodes of the 
MISFET comprising a peripheral circuit and gate electrodes of the MISFET comprising the 
nonvolatile memory are formed in a process of patterning the same conductive film, and that gate 
electrodes of the MISFET comprising the peripheral circuit are formed in a process of forming the 
second siLioon oxide film. 

[0044] 

[Embodiments of the Invention] 

Below, the embodiments of this invention are explained in detail based on the drawings. Here, in all 
the drawings for explaining the embodiments, the same code is used for the elements having the 
same function, and repetitions of the explanation are omitted. 

[0045] 

(Embodiment l) 

Figure 1 is an outline circuit diagram showing the main part of a flash memory Cump erasing type 
nonvolatile memory) which is an embodiment of this invention. 

[0046] 

In the memory cell array (MA) of this flash memoiy, are formed a plurality of word lines WL 
(WLl~WLm) and a plurality of source lines SL (SLl~SLm/2) extending in the right-left direction (X 
direction) of the figure, a plurality of bit lines DL (DLl~DLn) extending in the Y direction 
intersecting with them perpendicularly, and a plurality of memory cells M (Ml l-^Mnm) configured in 
the MISFET structure described later. 

[0047] 
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Each of the word lines WL (WLl-^WLm) is connected to the gate electrodes of a plurality of memory 
cells, positioned along the X direction, and its one end is connected to a ipow decoder (X-DEC). Each 
of the source lines SL 0SLl~SLm/2) is positioned as one between two word lines WL and is connected 
to a source common to two memory cells M neighboring in the Y direction. Also, one end of these 
source lines SL (SLl~SLm/2) is connected to a common source line CSL positioned in the peripheral 
part of the memory ceD array (MA). Each of the bit lines DL ODLl-^-DLn) is connected to a drain 
common to two memory cells neighboring in the Y direction, and its one end is connected to a column 
decoder (Y-DEC) and a sense-up (SA). 

[0048] 

Figure 2 is a cross-sectional view of the main part of a semiconductor substrate showing a part of 
each of the memory cell array and the neighboring peripheral circuit. Fig. 3 (A) is a plan view 
showing a conductive layer pattern equivalent to about four memoiy cells, and Fig. 3 (B) is a plan 
view showing a conductive layer pattern equivalent to about 12 memoiy cells. 

[0049] 

A p-type well 5 is formed in a memory cell array region of a semiconductor substrate 1 made of a p- 
type silicon single crystal, and a p-type well 6 and an n-type well 6 are formed in the peripheral 
circuit region. Also, in the bottom part of the p-type well 5 in the memory cell array region, a deep n- 
type well 4 for separating electrically this p-tj^e weU 5 from the other regions of the semiconductor 
substrate is formed. On the sur&ice of each of the p-type well 5 and the n-type well 6, is formed a 
j&eld oxide film 2 made of a silicon oxide film for element separation. 

[0050] 

In the p-type well 5 in the memoiy cell array region, is formed an n-channel type MISFET Qm 
comprising a memory cell. Also, in the p-type well 5 in the peripheral circuit region, is formed an n- 
channel type MISFET Qn comprising a part of the peripheral circuit, and in the n-type well 6, is 
formed a p-channel type MISFIT Qp comprising the other part of the peripheral circuit. 

[0051] 

The MISFET Qm comprising a memoiy cell consists mainly of a gate electrode 10a formed on a gate 
insulation Ghn, an n+-type semiconductor region 13 (drain) whose one end extends to the bottom of 
the gate electrode 10a, an n+-type semiconductor region 15 (high concentration source) formed offset 
relative to the gate electrode 10a, an n -type semiconductor region 11 (low concentration source) 
which is formed around the n+-type semiconductor region 15 and whose one end extends to the 
bottom of the gate electrode 10a, and a channel formation region (p-type well 5) sandwiched by the 
source and drain. The gate electrode 10a is configured as one body with the word lines WL, and the 
source (n"^-type semiconductor region 15, n— type semiconductor region 11) is configured as one body 
with the source lines SL. 

[0052] 

The gate electrode 10a consists of, for example, a polycide film where a W (tungsten) silicide film is 
accumulated on the top of an n-type polycrystalline silicon film, and on its side walls are formed a 
side wall spacer 16 composed of a sUicon oxide film. Also, a gate insulation film formed on the 
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bottom of the gate electrode 10a consists of one layer of silicon oxide film 9 in the drain side and 
three layers of insulation films where a silicon oxid film 7 and a silioon nitride film 8 are 
accumulated on the bottom of the silicon oxide film 9 in the source side. 

[0053] 1 

The p-channel type MISFET Qp in the peripheral circuit consists mainly of a gate electrode 10b 
formed on a gate insulation film (silicon oxide film 9), a pair of n*-type semiconductor regions 14 
(source and drain) formed offset relative to the gate electrode 10b, a pair of p*-type semiconductor 
regions 12 whose one end extends to the bottom of the gate electrode 10b, and a channel formation 
region (p-type well 5) sandwiched by the source and drain. Also, the n-channel type MISFET Qn in 
the peripheral circuit consists mainly of a gate electrode 10c formed on a gate insulation film (silicon 
oxide film 9), a pair of n*-type semiconductor regions 15 (source and drain) formed offeet relative to 
the gate electrode 10c, a pair of n*-type semiconductor regions 11 whose one end extends to the 
bottom of the gate electrode 10c, and a channel formation region (p-type well 5) sandwiched by the 
source and drain. Namely, the p-channel type MISFET Qp and the n-channel type MISFET Qn in 
the peripheral circuit are configured with the LDD (Lightly Doped Drain) structure. The gate 
electrode 10b of the p-channel type MISFET Qp and the gate electrode 10c of the n-channel type 
MISFT Qn are composed of polycide film in the same way as the gate electrode 10a in the memory 
cell, and a side wall spacer 16 composed of a silicon oxide film is formed on their side walls. 

[0054] 

A silicon oxide film 17 with a thick film is formed on the top of the memory cell (MISFET Qm), p- 
channel type MISFET Qp, and n-channel type MISFET Qn, and on its top are formed wirings 23-27 
composed of an Al alloy film for example. 

[0055] 

The wiring 23 formed on the memoiy cell array region comprises the bit Unes DL and is connected to 
a drain (n*-t3^e semiconductor region 13) of the memory cell via a contact hole 20 formed on a sOicon 
oxide film 17. Also, among the wirings 24-27 formed in the peripheral circuit region, the wirings 24 
and 25 are connected to a pair of p^-tjrpe semiconductor regions 14 (source and drain) of the p- 
channel type MISITET Qp via a pair of contact holes 21 formed on the silioon oxide film 17, and the 
wirings 26 and 27 are connected to a pair of n*-type semiconductor regions 15 (source and drain) of 
the n-channel type MISFET Qn via a pair of contact holes 22 formed on the silicon oxide film 17- 

[0056] 

Next, the program operations of the flash memory are explained using Fig. 4 (an outline cross- 
sectional view showing about one memory cell), Fig. 5 (the memoiy cell operation voltage table), and 
Fig. 6 (a plot showing the potential distribution and electric field intensity distribution in the 
channel region at the writing operation of the memoiy cell). 

[0057] 

The writing operation sets the source (11, 15) of a selected memoiy cell (MISFET Qm) to the ground 
level (0 V) and charges the gate electrode (lOa) and the drain (13) each with a positive voltage of 5 V. 
By this, a peak of electric field intensity shown in Fig. 6 occurs at the edge of the low concentration 
source (ll), hot electrons (e ) generated in this region (low concentration source side) are injected into 
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the electron trap inside the silicon nitride film 8, and the threshold voltage seen finom the gate 
electrode (lOa) rises, performing a writing operation. 

[0058] 

Also, the reading operation is performed in the same way by setting the source (11, 15) of a selected 
memory cell to the ground level (O V) and charging the gate electrode (lOa) and the drain (13) each 
with a positive voltage of 2 V. The erasing operation is performed by setting the drain (l3) of a 
memory cell to the ground level (0 V), charging the source (11, 15) with a positive voltage of 5 V and 
the gate electrode (lO) with a negative voltage of -10 V, respectively, and ejecting the electrons 
trapped in the silicon nitride film 8 to the substrate (p-t3^e well 5) side, lowering the threshold 
voltage seen fi:t)m the gate electrode (lOa). 

[0059] 

Next, an example of the manu&cturing method of the nonvolatile memory is explained using Fig. 7 ~ 
Fig. 18 (essential-section cross- sectional views of the semiconductor substrate each showing a part of 
the memory cell array region and its neighboring peripheral circuit region). 

[0060] 

First, a semiconductor substrate 1 made of a p-type silicon single crystal having a specific resistance 
of about 10 Qcm is prepared as shown in Fig. 7, and after a field oxide film 2 with a film thickness of 
about 500 nm is formed on its sur&ce by the selective oxidization (1/3COS) method, the 
semiconductor substrate 1 is thermally oxidized, forming a sihoon oxide film 3 with a film thickness 
of about 20 nm on the surface of the element forming region surrounded with the filed oxide film 2. 
The silicon oxide film 3 is used as a mask when an impurity is ion implanted into the semiconductor 
substrate 1 in the next process. 

[0061] 

Next, as shown in Fig. 8, after forming a deep n-type well 4 on the semiconductor substrate 1 in the 
memory cell array region, a shallow p-type well 5 is formed on the semiconductor substrate 1 in the 
memory cell array region and a part of the peripheral circuit (n-channel type MISFET forming 
region), and a shallow n-type well 6 is formed on the semiconductor substrate 1 in the other part of 
the peripheral circuit (p-channel type MISFET forming region). 

[0062] 

The deep n-type well 4 is formed by ion-implanting the n-type impurity (phosphorus) to the 
semiconductor substrate 1 under a condition of acceleration energy 3000 keV and dose amount 
lxl0iVcm2 masked with a photoresist film with a film thickness of about 5 jjim where an opening is 
installed in the memory cell array region. Also, the shallow p-type well 5 is formed by ion- 
implanting a p-type impurity (boron) to the semiconductor substrate 1 under a condition of 
acceleration energy 450 keV and dose amount IxlO^^/cm^, and acceleration enejngy 2000 keV and 
dose amount 3xl0^^/cm^ masked with a photoresist film with a film thickness of about 2.5 \xni where 
openings are installed in the memory cell array region and the n-channel type MISFET forming 
region. Moreover, the shallow n-type well 6 is formed by ion-implanting an n-t)^e impurity 
(phosphorus) to the semiconductor substrate 1 under a condition of acceleration energy 1000 keV and 
dose amount 1.5xlOWcm^, acceleration energy 370 keV and dose amount SxlO^^/cm^, and 
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acceleration energy 180 keV and dose amount 1x10^2/cjti2 masked with a photoresist film with a film 
thickness of about 2.5 ^m where an opening is installed in the p-channel type MISFET forming 
region. 

[0063] 1 

\ 

Here, in the ion implantation process for forming the p-type well 5, an impurity (boron) for adjusting 
the threshold voltage (Vth) of the memory cell (MISFET Qm) and n-channel type MISFET Qn is ion 
injected at the same time (acceleration energy 50 keV, dose amount 1.2xl0i2/cm2). Also, in the ion 
implantation process for forming the n-type well 6, impurity (boron) for adjusting the threshold 
voltage (Vth) of the p-channel type MISFE2T Qp is ion injected at the same time (acceleration energy 
20 keV, dose amount 1.5xl0>2/cm2). 

[0064] 

Next, after removing the silicon oxide film 3 on the surfaces of the p-type well 5 and the n-type well 6 
by wet etching, as shown in Fig. 9, the semiconductor substrate 1 is thermally oxidized at about 
TSO'^C to form a silicon oxide film 7 with a film thickness of about 7 nm on the surfaces of the p-type 
well 5 and the n-type well 6, and further a silicon nitride film 8 with a film thickness of about 7 nm 
is accumulated on the top of the silicon oxide film 7 by the thermal CVD method at about 800*^0. 

[0065] 

Next, as shown in Fig. 10, the silicon nitride film 8 and a silicon oxide film 7 are patterned to leave 
these films only in the source forming region of the memory cell and its vicinity. Patterning of the 
silicon nitride film 8 is performed by dry etching masked with a photoresist film with a film 
thickness of about 1 \xm where openings are installed in the source forming region and its vicinity, 
and the patterning of the silicon oxide film 7 is performed by dry etching masked with the silicon 
nitride film 8 after removing the photoresist film by ashing. The widths of the two layers of 
insulation films (silicon oxide fiilm 7 and silicon nitride film 8) left in the source forming region and 
its vicinity are adjusted so that the length of the lower portion of the gate electrode 10a Oength of the 
longest dimension of the gate) formed in a later process becomes about 20 nm ~ 200 nm. 

[0066] 

Next, as shown in Fig. 1 1, the semiconductor substrate 1 is thermally oxidized at about 800°C to 
form a silicon oxide film 9 with a film thickness of about 15 nm on the surfaces of the p-type well 5 
and the n-type well 6. At this time, because the silicon nitride fiilm 8 in the memory cell array region 
is oxidized at the same time, a sUicon oxide film 9 with a film thickness of about 2 nm is also formed 
on that surface. 

[0067] 

Next, as shown in Fig. 12, a gate electrode 10a of the memory cell (MISFET Qm) is formed on the 
silicon oxide film 9 in the memory cell array region, and a gate electrode 10b of the p-channel type 
MISFET Qn and a gate electrode 10c of the n-channel type MSFET Qp are formed on the silicon 
oxide film 9 in the peripheral circuit region. The gate electrodes 10a, 10b, and 10c are formed by 
accumulating a poly crystalline silicon film with a film thickness of about 100 nm and phosphorus 
concentration of about 2xl02o/cm3 and a W silicide film with a film thickness of about 50 nm by the 
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thermal CVD method at about 600°C on the silicon oxide film 9, and then patterning these films by- 
dry etching masked with a photoresist film. 

[0068] 

Next, as shown in Fig. 13, an n -type semiconductor regions 11 with a low impurity concentration are 
formed on the p-type well 5 on both sides of each of the gate electrodes 10a and 10c and the wtype 
well 6 on both sides of the gate electrode lOb by ion-implanting n-type impurity (phosphorus) to the 
whole surface of the semiconductor substrate 1 under a condition of acceleration energy 40 keV and 
dose amount IxlO^^/cm^. 

[0069] 

Next, as shown in Fig. 14, an n"*"-type semiconductor region 13 comprising the drain of the memory 
cell is formed by ion*implanting an n-tj^e impurity Arsenic) to the p-type well 5 masked with a 
photoresist film with a film thickness of about 1 \im where an opening is installed in the drain 
forming region of the memory cell under a condition of acceleration energy 50 keV and dose amount 

3xl0iVcm2 

[0070] 

Next, as shown in Fig. 15, a p -type semiconductor region 12 with a low impurity concentration is 
formed through compensating the n*-type semiconductor region 1 1 to the n-type well 6 on both sides 
of the gate electrode 10b by ion -implanting a p-type impurity (boron difluoride) to the n-type well 6 
masked with a photoresist film with a film thickness of about 1 \xm where an opening is installed in 
the p-channel t3rpe MISFET forming region under a condition of acceleration energy 50 keV and dose 
amount 2xlOWcm2. 

[0071] 

Next, as shown in Fig. 16, after accumulating a silicon oxide film (not shown in the figure) with a 
film thickness of about 200 nm on the semiconductor substrate 1 by the CVD method, a side wall 
spacer 16 of about 150 nm in width is formed on the side wall of each of the gate electrodes 10a, 10b, 
and 10c by etching anisotropically this silicon oxide film. At this time, the silicon oxide film 9 and 
the silicon nitride film 8 covering the source forming region of the memory cell are also etched. 

[0072] 

Next, as shown in Fig. 17, a p^-type semiconductor region 14 with a high impurity concentraton 
comprising the source and drain of the p-channel type MISFET is formed by ion -imp Ian ting a p-type 
impurity (boron difluoride) to the n-type well 6 masked with a photoresist film with a Ghn thickness 
of about 1 ^m where an opening is installed in the p-channel type MISFET forming region under a 
condition of acceleration energy 50 keV and dose amount SxlO^Vcm^. 

[0073] 

Subsequently, an n*-type semiconductor region 15 with a high impurity concentration comprising 
the source of the memory cell and an n'^-type semiconductor region 15 with a high impurity 
concentration comprising the source and drain of the n-channel type MISFET are formed by ion- 
implanting an n-type impurity (arsenic) to the p-t3^e well 5 masked with a photoresist film with a 
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film thickness of about 1 ^m where an opening is installed in the source forming region and the n- 
channel type MISFET forming region of the memory cell under a condition of acceleration energy 50 
keV and dose amount 2xlO^Vcm2. Through the processes so far, the memory cell (MISFET Qm) and 
MISFET of the peripheral circuit (n*channel type MISFET Qn and p-channel type MISFET Qp) are 
completed. 1 

t 

[0074] 

Next, as shown in Fig. 18, after accumulating a silicon oxide film 17 with a film thickness of about 
500 nm on the semiconductor substrate 1 by the CVD method, contact holes 20, 21, and 22 are 
formed on the top of the drain of the memory cell, the top of the source and drain of the n-channel 
type MISFET Qn, and the top of the source and drain of the p-channel type MISFET Qp, respectively, 
by dry-etching the silicon oxide film 17 masked with a photoresist film. 

[0075] 

After that, an Al alloy film with a film thickness of about 500 nm is accumulated on the silicon oxide 
film 17 including the interiors of the contact holes 20—22 by the sputtering method, and wirings 
23~27 are formed by patterning this Al alloy film by dry etching masked with a photoresist film, 
almost completing a flash memoiy of this embodiment shown in the Fig. 2. 

[0076] 

Because the flash memory of this embodiment configured in the above way has its memory cell made 
of a single MISFET in the same way as in the conventional floating gate type memory cell. The 
writing/erasing operation can be performed relatively easily, and it does not increase the necessary 
peripheral circuit area. Also, the manu&icturing process becomes simple. 

[0077] 

Because the flash memory of this embodiment does not use high -resistance wiring at the reading 
operation such as the conventional memory cell equipped with side waU gate electrodes, no 
degradation in the reading speed occurs. Also, because it adopts a scheme where the gate electrode 
and drain are charged with a positive voltage and hot electrons generated near the source are 
injected to electron traps in a silicon nitride film at the writing operation, injection efficiency is 
improved as the potential difference between the source at the ground level and the gate electrode 
becomes large, enabling a loweirvoltage operation than in the conventional cell structure. 

[0078] 

In the flash memory of this embodiment, because the gate electrodes of the memory cell cover the 
whole surface of the channel region, no parasitic resistance occurs immediately below the insulation 
film between the side wall gate electrode and the control gate electrode which is a problem in the 
conventional cell structure equipped with a side wall gate electrode, causing no decline in the drain 
current in the reading operation. 

[0079] 

In the flash memory manufacturing method of this embodiment, because the gate insulation film 
(three layers of insulation films consisting of silicon oxide film 7, silicon nitride film 8, and silicon 
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oxide fQm 9) in the source side of the memory cell is formed self-aligned to the gate electrode, it can 
be designed with the equivalent cell area to the conventional floating gate type memory cell, 
realizing nonvolatile memory excellent in scalability. 

[0080] 

(Embodiment 2) 

A flash memory manufeicturing method of this embodiment is explained using Fig. 19 ~ Fig. 33 
(essential-section cross'sectional views of a semiconductor substrate each showing a part of the 
memory cell array region and its neighboring peripheral circuit region). 

[0081] 

First of all, as shown in Fig, 19, after forming a field oxide film 2 on the surface of a semiconductor 
substrate 1 made of a p-type silicon single crystal, a silicon oxide film 3 is formed on the surface of an 
element forming region surrounded with the field oxide film 2. Subsequently, after forming a deep 
n-type well 4 on the semiconductor substrate 1 in the memory ceU array region, a shaUow p-type well 
5 is formed on the semiconductor substrate 1 in the memory ceU array region and a part of the 
peripheral circuit (n-channel type MISFET forming region), and a shallow n-type weU 6 is formed on 
the semiconductor substrate 1 in the other part of the peripheral circuit (p-channel type MISFET 
forming region). The processes so far are the same as in the embodiment 1. 

[0082] 

Next, as shown in Fig. 20, the semiconductor substrate 1 is thermally oxidized at about 800®C to 
form a gate oxide film 30 with a film thickness of about 15 nm on the surfeices of the p-type weU 5 
and the n-type weU 6, afterwards as shown in Fig. 21, a polycrystalline silicon film (not shown in the 
figure) with a film thickness of about 200 is accumulated on the semiconductor substrate 1 by the 
thermal CVD method at about 600**C, and afterwards this polycrystalline silicon film 31 is diy- 
etched masked, with a photoresist film, forming the gate electrode 31a of the memory cell and the 
gate electrodes 31b and 31c of the peripheral circuit. 

[0083] 

Next, as shown in Fig. 22, after accumulating a silicon nitride film 32 with a film thickness of about 
20 nm on the semiconductor substrate 1 including the top portions of the gate electrodes 31a, 31b, 
and 31c by the CVD method, a silicon oxide film 33 with a film thickness of about 50 nm is 
accumulated on the top of the silicon nitride film 32 by the CVD method. 

[0084] 

Next, as shown in Fig. 23, a silicon oxide film 33 is wet-etched masked with a photoresist film with a 
film thickness of about 1 \im where openings are installed in the source forming region of the 
memory cell and its vicinity. Subsequently the photoresist film is removed by ashing, and 
afterwards the silicon nitride film 32 covering the source forming region of the memory cell and the 
gate electrode 31a in its vicinity is removed by wet-etching the silicon nitride film 32 masked with 
the silicon oxide film 33. 

[0085] 
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Next, as shown in Fig. 24, the gate oxide film covering the source forming region of the memory cell 
is removed by wet-etching masked with the silicon nitride fQm 32. At this time, the gate oxide film 
30 in the lower part of the gate electrode 31, a pattern-formed next to the source forming region is 
also etched, and a part of it is undercut over about 70 nm iri; width fix)m its edge. 

[0086] 

Next, as shown in Fig. 25, the semiconductor substrate 1 is thermally oxidized at about 750°C to 
form a silicon oxide film 34 with film thickness of about 5 nm on the source forming region of the 
memory cell and the surface of the p-type well 5 exposed in the vicinity. At this time, the gate 
electrode 31a exposed in the vicinity of the source forming region of the memory cell, is also oxidized 
at the same time, forming a silicon oxide film 35 with film thickness of about 5 nm on its surface. 

[0087] 

Next, as shown in Fig. 26, a silicon nitride film 36 with film thickness of about 10 nm is accumulated 
on the semiconductor substrate 1 by the CVD method. By this, three layers of gate insulation film 
consisting of the silicon oxide film 34, silicon nitride film 36, and silicon oxide film 35 are formed in 
the source forming region side in the lower part of the gate electrode 10a. 

[0088] 

Next, as shown in Fig. 27, the n*-type semiconductor regions 37 with a low impurity concentration 
are formed on the p-type well 5 on both sides of each of the gate electrodes 10a and 10c and the n- 
type well 6 on both sides of the gate electrode 10b by ion-implanting a n-type impurity (phosphorus) 
to the whole surfiice of the semiconductor substrate 1 under a condition of acceleration energy 40 
keV and dose amount 1x10 i3/cm2. 

[0089] 

Next, as shown in Fig. 28, an n"^-type semiconductor region 39 comprising the drain of the memory 
cell is formed by ion-implanting a n-type impurity (arsenic) to the p-tjqae well 5 masked with a 
photoresist film with a film thickness of about 1 \xm where an opening is installed in the drain 
forming region of the memory cell under a condition of acceleration energy 50 keV and dose amount 
3xl0iB/cm2. 

[0090] 

Next, as shown in Fig. 29, a p-type semiconductor region 38 with a low impurity concentration is 
formed through compensating the n -type semiconductor region 37 to the n-type well 6 on both sides 
of the gate electrode 31b by ion -imp Ian ting a p-type impurity (boron difiuoride) to the n-type well 6 
masked with a photoresist film with a film thickness of about 1 ^im where an opening is installed in 
the p-channel type MISFET forming region under a condition of acceleration energy 50 keV and dose 
amount 2x10 i3/cm2. 

[0091] 

Next, as shown in Fig, 30, after accumulating a silicon oxide film with a film thickness of about 200 
nm on the semiconductor substrate 1 by the CVD method, a side waU spacer 42 of about 150 nm in 
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width is formed on side wall of each of the gate electrodes 31a, 31b, and 31c by etching 
anisotiopicaUy this silicon oxide film. At this time, the silicon oxide film 35 and the silicon nitride 
film 36 covering the upper parts of the gate electrodes 31a, 31b, and 31c are also etched at the same 
time, exposing the sur&ces of the gate electrodes 31a, 31b, and 31c. 

[0092] 

Next, as shown in Fig. 31, a p'^-type semiconductor region 40 with a high impurity concentration 
comprising the source and drain of the p-channel type MISFET is formed by ion implanting a p-type 
impurity (boron difluoride) to the n-type well 6 masked with a photoresist film with a film thickness 
of about 1 \xm where an opening is installed in the p-channel type MISFET forming region under a 
condition of acceleration energy 50 keV and dose amount 3xlO^Vcm2. 

[0093] 

Subsequently, an n*-t)q>e semiconductor region 41 with a high impurity concentration comprising 
the source of the memory cell and an n'*^-type semiconductor region 41 with a high impurity 
concentration comprising the source and drain of the n-channel tyi>e MISFET are formed by an ion- 
implanting n-t)^e impurity (arsenic) to the p-type well 5 masked with a photoresist film with a film 
thickness of about 1 \im where an opening is installed in the source forming region and the n* 
channel type MISFET forming region of the memory ceU under a condition of acceleration energy 50 
keV and dose amount 2xl0iVcm2. Through the processes so £a.r, the memory cell (MISP^T Qm) and 
MISFET of the peripheral circuit (n channel type MISFET Qn and p channel type MISFET Qp) are 
completed. 

[0094] 

Next, after removing he silicon oxide film 34 covering the surl^ces of the source and drain of the 
MISFET by etching the surface of the semiconductor substrate 1, as shown in Fig. 32, silicide layers 
43 of low resistance are formed on the surfaces of the gate electrodes 31a, 31b, and 31c and the 
source and drain (n'^-tj^e semiconductor region 39, p"^-type semiconductor region 40, and w^-type 
semiconductor region 41). The silicide layer 43 is formed, for example, by accumulating a high 
melting point metal film such as Co (cobalt) film and Ti (cobalt) film by the sputtering method, next 
thermally processing the semiconductor substrate 1 to react the high melting point metal film with 
the substrate (Si) and the gate electrodes (31a~31c) forming a Co silicide layer, and removing the 
unreacted high melting point metal film by wet etching. 

[0095] 

Next, as shown in Fig. 33, in the same way as in embodiment 1, after forming contact holes 45, 46, 
and 47 on a silicon oxide film 44 accumulated on the semiconductor substrate 1, wirings 48~52 are 
formed on the top of the silicon oxide film 44, almost completing the flash memory of this 
embodiment 2. 

[0096] 

Figure 34 is a table listing the photomasks used in the manu&cturing method. Among the thirteen 
photomasks used in the metal manufacturing process, the photomasks proper to manufacture 
memory cell are two pieces of one (No. 6) for processing silicon nitride film and another (No. 7) for 
drain formation, being very simplified. 
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[0097] 

Also, the writing/erasing operation property and retention property of the flash memory 
manufactured in the method were in the same degrees with|those of the flash memory of the 
embodiment 1. ■ \ 

[0098] 

(Embodiment 3) 

Figure 35 is an essential-section cross-sectional view of a semiconductor substrate showing the cell 
structure of a flash memory of this embodiment. 

[0099] 

WhQe the drain-side gate insulation film is composed of one layer of silicon oxide film 9 in the 
memory cell (MISFET Qm) of embodiment 1, in this embodiment the drain-side gate insulation film 
is composed of two layers of the sihcon oxide film 9 and silicon oxide film 60 formed underneath. 
Also, the electric capacity film thickness of the drain-side gate insulation film consisting of these two 
layers of silicon oxide film 9 and 60 is approximately equal to the electric capacity film thickness of 
the source-side gate insulation film composed of the silicon oxide film 7 and 9 and a sihcon nitride 
film 8 sandwiched between them. Namely, the gate insulation film of this memory cell consists of 
almost the same electric capacity film thickness (about 17.5 nm for example) in the drain side and 
source side. 

[0100] 

The configuration and program operation of the memory cell of this embodiment, except as described 
above, are the same as those of the memory ceU of embodiment 1. Also, the memory cell 
manufacturing method of this embodiment is the same as the manu&cturing method in embodiment 
l; except that one process increases, where the silicon oxide film 60 is formed by thermaUy 
processing the semiconductor substrate 1. 

[0101] 

According to the flash memory of this embodiment, by setting the electric capacity film thickness of 
the gate insulation film about the same over the entire lower part of the gate electrode 10a, even 
when the length of the source-side gate insulation film (silicon oxide film 9, silicon nitride film 8, and 
sflicon oxide 7) along the gate length direction varies due to a variation in the manufacturing process, 
the drain current driving capability will not change. By this, because the drain current at the 
writing operation becomes constant, a variation of writing time is prevented, and a stable memory 
cell property becomes possible. 

[0102] 

(Embodiment 4) 

Figure 36 is an essential-section cross-sectional view of a semiconductor substrate showing the cell 
structure of a flash memozy of this embodiment. 
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[0103] 

While only the source-side gate insulation film is composed of a three-layer jSlm (silicon oxide film 9, 
silicon nitride film 8, and silicon oxide film 7), in this embodiment the whole drain-side gate 
insulation film in the lower part of the gate electrode 10a is composed of the three-layer film (silicon 
oxide film 9, silicon nitride film 8, and silicon oxide film 7). The film thickness of these three layers 
total about 7 nm. 

[0104] 

The configuration and program operation of the memory cell of this embodiment other than those 
diferences described above are the same as the memory cell of embodiment 1. Also, the memory cell 
manufacturing method of this embodiment is the same as the manufacturing method described in 
embodiment 1, except that one process is omitted where the silicon oxide film 7 and silicon nitride 
film 8 are patterned to leave them only in the source side. This memory cell was written at 1 (ji/sec. 

[0105] 

(Embodiment 5) 

Figure 37 is an essential-section cross-sectional view of a semiconductor substrate showing the cell 
structure of a flash memoiy of this embodiment. 

[0106] 

This flash memory cell is composed with the MISFIT Qc which is a memory element section and the 
selection MISFET Qs, The MISFET Qc in the memory element section mainly consists of a 
writing/erasing gate electrode (PEG) 73 made of a polycrystallne sUicon film formed on a gate 
insulation film with three-layer structure consisting of a bottom gate oxide film 70 with a film 
thickness of about 8 nm, a siUcon nitride film 71 with a film thickness of about 10 nm, and a top gate 
oxide film 72 with a film thickness of about 10 nm, etc, and a source and a drain (connecting 
dif&ision layer) formed on a semiconductor substrate 1 on both sides of this gate electrode 73. 

[0107] 

The source consists of an n"-type semiconductor region 74 with a low impurity concentration whose 
one end extends to the bottom of the gate electrode 73 and an n+-type semiconductor region with a 
high impurity concentration formed so that it is offset relative to the gate electrode 73, and the drain 
(connecting diffusion layer) consists of an n"^-type semiconductor region 76 whose one end extends to 
the bottom of the gate electrode 73. 

[0108] 

Also, the selection MISFET Qs niainly consists of a selection gate electrode (SG) 78 made of a 
poly crystalline siUcon film etc. formed on the top of the gate oxide film 77 with a film thickness of 
about 4 nm, a source (connecting diffusion layer) and a drain formed on the semiconductor substrate 
1 on both sides of this gate electrode 78. The drain consists of an n'-tjqie semiconductor region 79 
with a high impurity concentration whose one end extends to the bottom of the gate electrode 78. 
The source consists of an n+-type semiconductor region 76 which is the drain of the MISFET Qc, and 
its one end extends to the bottom of the gate electrode 78. 



24 



Patent 2978477 



[0109] 

The program operations of the flash memory is explained using Fig. 38 (a memory cell operation 
voltage table). Writing is performed by charging the drain of the selection MISFET Qs with 5 V, the 
gate electrode 78 with 2 V, turning the selection MISFET Qs on, charging the gate electrode 73 with 
5 V with the source of the MISFET Qc of the memoiy element section as the ground level (O V), and a 
peak in the electric field intensity is generated near an n -type semiconductor region 74 with a low 
impurity concentration comprising a part of the source. By this, hot electrons generated in this 
region are injected to the electron traps inside the silicon nitride film 71, the threshold voltage seen 
from the gate electrode 73 of the MISFET Qc rises to 4 V or higher, and writing is performed. 
Because this memory cell can control the drain current with the voltage charged to the gate electrode 
73, compared with the conventional MNOS-type memory cell where electrons are injected to the 
whole surface of a siUoon nitride film fi-om the substrate side via a direct tunnel oxide film by 
controlling the potential of the substrate and writing/erasing gate electrode, writing can be 
performed with lower electric power consumption. 

[0110] 

The erasing operation is performed by charging the gate electrode 73 of the MISFET Qc with -10 V 
and the source and well with 5 V, and ejecting electrons inside the silicon nitride film 71. Also, the 
writing operation is performed by charging the drain gate electrode 73 of the selection MISFET Qs 
and the gate electrode 73 of the MISFET Qc with 2 V, and judging the threshold voltage of the 
MISFET Qc. 

[0111] 

(Embodiment 6) . 

Figure 39 is an essential-section cross*sectional view of a semiconductor substrate showing the cell 
structure of a flash memoiy of this embodiment. 

[0112] 

The MISFET comprising this memoiy cell mainly consists of a gate electrode 83 made of a 
polycrystalline silicon film etc. formed on a gate insulation film, and a source and a drain formed on 
a semiconductor substrate 1 on both sides of this gate electrode 83. The source consists of an n'^-type 
semiconductor region 84 with a high impurity concentration whose one end extends to the lower part 
of the gate electrode 83, and the drain consists of a p -t3^e semiconductor region 85 with a low 
impurity concentration (about IxlO^s^lO^^/cm^) whose one end extends to the lower part of the gate 
electrode 83 and an n+-type semiconductor region 86 with a high impurity concentration formed 
offset relative to the gate electrode 83. Also, in the gate insulation film, while the source side 
consists of a gate oxide 82 with a film thickness of about 10 nm, the drain size consists of a bottom 
gate oxide film 80 with a film thickness of about 8 nm, a silicon nitride film 81 with a film thickness 
of about 10 nm, and a top gate oxide film 82 with a film thickness of about 10 nm. In this way, the 
memory cell of this embodiment has a characteristic in that it performs the injection of hot electrons 
at the time of writing in the drain side. 

[0113] 
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As shown in Fig. 40, the writing and erasing operations of this flash memory are the same as in the 
memory cell of embodiment 1. On the other hand, writing is performed by charging each of the gate 
electrode 83 and the source with a positive voltage of 5 V with the drain of the selected memory cell 
as the ground level (0 V). 

[0114] 

Figure 41 is a plot showing time change of the voltage charged to each terminal at the writing 
operation. Writing is performed by pre-charging all the bit lines to 5 V after charging the common 
source line of the selected memory block with 5 V. Next, after raising the potential of only the 
selected word line to 5 V, only the selected bit line is lowered to 0 V. This time for lowering it to 0 V 
is the writing time, and a channel current flows from the source to drain direction of the memory cell 
within this time. At this time, as shown in Fig. 42, because most of the potential levels set to 5 V in 
the source side and 0 V in the drain side drop in the low concentration drain (p -type semiconductor 
region 85) region, a peak of the electric field intensity occurs at the edge of the drain. Then, hot 
electrons generated by this high electric field are accelerated by the transverse direction electric field 
of 5 V charged to the selected word Line and injected to the electron traps inside the silicon nitride 
film 81, thus performing writing. 

[0115] 

(Embodiment 7) 

Figure 43 is an essential-section cross* sectional view of a semiconductor substrate showing the ceU 
structure of a flash memory of this embodiment. 

[0116] 

This memory ceU performs the injection of hot electrons at the writing time in the drain side and has 
the same cell structure as embodiment 6 except that the source consists of an n*-tj^e semiconductor 
region 87 with a low impurity concentration whose one end extends to the lower part of the gate 
electrode 83 and an n+-type semiconductor region 84 with a high impurity concentration formed 
offset relative to the gate electrode 83. 

[0117] 

Writing is started by pre-charging all the bit lines to 5 V after charging the common source line of 
the selected memory block to 5 V in the same way as embodiment 6. By the way, if this 5 V power 
supply for writing is an internal power supply such as a booster circuit formed on a chip, because the 
power supply capability is limited, there occurs a problem that charging to a large enough voltage 
becomes impossible if there is a large connection leak of the current of the common source line to be 
charged. In this embodiment, by forming an n -type semiconductor region 87 with a low impurity 
concentration in the source side, because the electric field of the source connection is moderated 
when charging the source at the writing time. The problem can be avoided by attempting a 
reduction of the leak current and an improvement of the connection voltage resistance of the source 
connection. 

[0118] 

(Embodiment 8) 
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Figure 44 is an outline plan showing the cell structure of a flash memory of this embodiment, and 
Fig. 45 is a essential-section cross- sectional view of the semiconductor substrate along the A-A' line 
in F^. 44. ^ 

[0119] 

In the MISFET Qm comprising the memory cell of this embodiment, in the same way as embodiment 
1, the source-side gate insulation film consists of a three-layer film (silicon oxide film 9, silicon 
nitride film 8, and silicon oxide film 7), and the drain side consists of a one layer of silicon oxide film 
9. On the other hand, the bit lines DL and the drain Oi*-type semiconductor region 92) are 
electrically connected via a plug 98 formed on the upper part of the drain. Also, the sources (n+-type 
semiconductor region 92) of a plurality of memory cells along the extending direction of the gate 
electrode 90 are electrically connected via the source lines (SU consisting of plug 98 formed on their 
top. 

[0120] 

In order to manufacture the memory cell, fiirst as shown in Fig. 46, after a deep n-t5T>e well 4 and a 
shallow p-type well 5 are formed on a p-type semiconductor substrate 1 by the same method as in 
embodiment 1, a gate insulation film whose source side consists of a three-layer £Qm (silicon oxide 
film 9, silicon nitride film 8, and silicon oxide film 7) and drain side consists of one layer of silicon 
oxide film 9 is formed on the surface of the p-type well 5, 

[0121] 

The silicon oxide film 7 is formed by thermally oxidizing the semiconductor substrate 1 at about 
800°C, and its film thickness is set to about 11 nm. Also, the silicon nitride film 8 is formed by the 
thermal CVD method at about 730°C, and its film thickness is set to about 10 nm. Moreover, the 
silicon oxide film 9 is formed by patterning the silicon nitride fUm 8 and silicon oxide film 7 to leave 
these films only on the source forming region of the memory cell and its vicinity, and then thermally 
oxidizing the semiconductor substrate 1 at about SOO^'C, and its film thickness is set to about 15 nm. 

[0122] 

Next, as shown in Fig. 47, a polycrystalline silicon film with a film thickness of about ICQ nm and 
phosphorus concentration of about 2xl02o/cm3 is accumulated on the top of the sUicon oxide film 9 by 
the CVD method, and next after accumulating a silicon nitride film 93 with a fiilm thickness of about 
200 nm on the top by the CVD method, these films are patterned by diy etching masked with a 
photoresist fUm, forming a gate electrode 90 consisting of the polycrystalline silicon film. 

[0123] 

Next, as shown in Fig. 48, a p -type semiconductor region 91 is formed by ion-implanting a p-type 
impurity (boron) to the p-type weU 5 fix)m an oblique 80° angle masked with a photoresist film where 
an opening is installed in the source forming region under a condition of acceleration energy 20 keV 
and dose amount IxlO^Vcm^. Subsequently, an n+-type semiconductor region 92 comprising the 
source and drain is formed on the p-type well 5 on both sides of the gate electrode 90 by an ion- 
implanting n-type impurity (arsenic) to the whole surface of the memory ceU array region under a 
condition of acceleration energy 50 keV and dose amount 2xl0iVcm2. 
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[0124] 

Next, as shown in Fig. 49, after accumulating a silicon nitride film on the semiconductor substrate 1 
by the CVD method, by aniso tropically etching this sihcon nitride film, a side waU spacer 94 is 
formed on the side wall of the gate electrode 90. At this time, the gate insulation film covering the 
surfaces of the source and drain is etched at the same time. 

[0125] 

Next, as shown in Fig. 50, after accumulating a silicon oxide film 95 on the semiconductor substrate 
1 by the CVD method, by etching this silicon oxide film 95 masked with a photoresist film where an 
opening is installed on the upper part of the drain, a contact hole 96 is formed in the source line 
forming region including the upper part of the source, and a contact hole 97 is formed on the upper 
part of the drain. 

[0126] 

In the process of etching the silicon oxide film 95, because the side wall spacer 94 of silicon nitride 
formed on the side waU, the gate electrode 90 functions as an etching stopper, the contact holes 96 
and 97 are formed self-aligned to the space of the gate electrode 90. By this, because the fitting 
allowance between the contact holes 96 and 97 and the gate electrode 90 becomes unnecessary, the 
space of the gate electrode 90 can be designed in the minimum processing size. 

[0127] 

Next, as shown in Fig. 91, source hnes (SW are formed inside the contact hole 96, and a plug 98 is 
formed inside the contact hole 97. The source lines (SL) and the plug 98 are formed by accumulating 
a polycrystaUine sOioon film doped with an n-type impurity on the top of the silicon oxide film 95 by 
the CVD method and then flattening the surface of this polycrystalline silicon film by the chemical- 
mechanical polishing (CMP) method. 

[0128] 

Subsequently, after accumulating a silicon oxide film 99 on the top of the silicon oxide film 95 by the 
CVD method, an Al alloy film is accumulated on the top of the silicon oxide film 99 by the sputtering 
method, and by patterning this Al alloy film by dry etching masked with a photoresist film to form 
bit lines DL, the fiash memory of this embodiment shown in the Fig, 44 and Fig. 45 is almost 
completed. 

[0129] 

According to this embodiment, because the space of the gate electrode 90 can be designed with the 
minimum processing size, the cell area could be reduced to 0.5 [im x 0.4 ^m = 0,2 \im^ at the gate 
length of 0.3 ^m. Also, writing time of the memory cell was 5 microseconds and the erasing time was 
10 milliseconds, confirming enough stable retention property similar to the embodiment 1. 

[0180] 
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Above, although the invention made by the present inventors was explained concretely based on the 
embodiments, this invention is not limited to the embodiments but can be changed in various ways 
within the range not deviating &om its essence. 

[0131] \ 

Because the nonvolatile memory of this invention has a simple cell structure and a simple 
manufacturing process, application to LSIs where nonvolatile memory and logic LSI are mounted on 
the same semiconductor substrate is also easy. 

[0132] 

[Efi&cacy of the Invention] 

Among the inventions disclosed in this application, the effects obtained by the representative ones 
are simply explained below. 

[0133] 

In the nonvolatile memory of this invention, because the memory cell consists of a single MISFET, 
writing/erasing operation can be performed relatively easily, not increasing the necessary peripheral 
circuit area. Also, its manu&icturing process is simple. 

[0134] 

Because the nonvolatile memory of this invention adopts a scheme where a positive voltage is 
charged to the gate electrode and drain at the writing operation and hot electrons generated near the 
source are injected to the electron traps inside the silicon nitride film, the potential difference 
between the source at the ground level and the gate electrode becomes large, improving the injection 
efficiency and enabling operation at a lower voltage compared with the conventional cell structure. 

[0135] 

In the nonvolatile memory manufacturing method of this invention, because the source-side gate 
insulation film (a three-layer insulation film consisting of sOicon oxide film, silicon nitride film, and 
silicon oxide film) of the memory cell is formed self-aligned to the gate electrode, it can be designed to 
have the equivalent cell area to the conventional floating gate type memory ceU, realizing nonvolatile 
memory excellent in scalability. 

[Brief Explanation of the Drawings] 
[Fig. 1] 

An outline circuit diagram showing the main section of the flash memozy which is embodiment 1 of 
this invention. 

[Fig. 2] 



29 



Patent 2978477 



A cross-sectional view showing the essential section of the flash memory which is embodiment 1 of 
this invention. 

[Fig. 3A] 

A plan view showing the conductive layer pattern of the flash memory which is embodiment 1 of this 
invention. 

[Fig.3B] 

A plan view showing the conductive layer pattern of the flash memory which is embodiment 1 of this 
invention. 

[Fig. 4] 

An outline cross-sectional view explaining the program operation of the flash memory which is 
embodiment I of this invention. 

[Fig. 5] 

An operation voltage table explaining the program operation of the flash memory which is 
embodiment 1 of this invention. 

[Fig, 6] 

A plot showing the potential distribution and electric field intensity distribution in the channel 
region in the writing operation of the flash memory which is embodiment 1 of this invention. 

[Fig. 7] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 81 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 9] 

An essential- section cross- sectional view showing the manufacturing method of the flash memoxy 
which is embodiment 1 of this invention. 

[Fig. 10] 

An essential- section cross -sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 11] 
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An essential- section cross -sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 12] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 13] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 14] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 15] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 16] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 17] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 18] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 1 of this invention. 

[Fig. 19] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 20] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig, 21] 
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An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 22] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 23] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 24] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 25] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 26] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 27] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 28] 

An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 29] 

An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 30] 

An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 31] 
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An essential-section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 32] 

An essential- section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 33] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 2 of this invention. 

[Fig. 34] 

A flow chart showing the manufacturing, method of the flash memory which is embodiment 2 of this 
invention. 

[Fig. 35] 

An outline cross-sectional view of the flash memory which is embodiment 3 of this invention. 
[Fig. 36] 

An outUne cross-sectional view of the flash memory which is embodiment 4 of this invention. 
[Fig, 37] 

An outhne cross-sectional view of the flash memory which is embodiment 5 of this invention. 
[Fig. 38] 

An operation voltage table explaining the program operation of the flash memory which is 
embodiment 5 of this invention. 

[Fig. 39] 

An outhne cross-sectional view of the flash memory which is embodiment 6 of this invention. 
[Fig. 40] 

An operation voltage table explaining the program operation of the flash memory which is 
embodiment 6 of this invention. 

[Fig. 41] 

A plot showing the time change of charged voltage in the writing operation of the flash memory 
which is embodiment 6 of this invention. 

[Fig. 42] 
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A plot showing the potential distribution and electric field intensity distribution of the channel 
region in the writing operation of the flash memory which is embodiment 6 of this invention. 

[Fig. 431 

An outline cross-sectional view of the flash memory which is embodiment 7 of this invention. 
[Fig. 44] 

An essential- section cross- sectional view showing the ceU structure of the flash memory which is 
embodiment 8 of this invention. 

[Fig. 45] 

An essential-section cross-sectional view of the semiconductor substrate along the A-A' line in Fig. 44. 

[Fig. 46] 

An essential- section cross- sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 47] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 48] 

An essential-section cross-sectional view showing the manufacturing method of the flash memory 
which is embodiment 8 of this invention. 

[Fig. 49] 

An essential-section cross- sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 8 of this invention. 

[Fig. 50] 

An essential-section cross-sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 8 of this invention. 

[Fig. 51] 

An essential- section cross-sectional view showing the manufacturing method of the flash memoiy 
which is embodiment 8 of this invention, 

[Fig. 52] 

An outUne cross-sectional view showing the cell structure of a floating gate type memory cell. 
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[Fig. 53] 



An outline cross-sectional view showing the cell structure of an MNOS-type memory cell 



An outline cross-sectional view showing the cell structure of a memory cell having a selection gate 
electrode and a side wall gate electrode. 



A plot showing the potential distribution and electric field intensity distribution of the channel 
region in the writing operation of the flash memory shown in Fig. 54. 

[Explanation of the Codes] 

1^ Semiconductor substrate 

2- Field oxide film 

3: Silicon oxide film 

4- (Deep) n-type well 

5* p-type weU 

6* n-t5^e well 

7' Silicon oxide film 

8' Silicon nitride film 

9' Silicon oxide film 

10a, 10b, 10c- Gate electrodes 

11- n"-type semiconductor region 

12- p'-t3q3e semiconductor region 
13: n+-type semiconductor region 
14* p+-t3^e semiconductor region 
15- n"*'-type semiconductor region 
16 : Side waU spacer 

17- Silicon oxide film 

20-22: Contact holes 

23'-27: Wirings 

30: Gate oxide film 

31a, 31b, 31c: Gate electrodes 

32: Silicon nitride film 

33: Silicon oxide film 

34: Silicon oxide film 

35: Silicon oxide film 

36: Silicon nitride film 

37: n*-t)i)e semiconductor region 

38: p -type semiconductor region 

39: n+-t3q)e semiconductor region 

40: p*- type semiconductor region 

41: n+-type semiconductor region 

42: Side wall spacer 



[Fig. 54] 



[Fig. 55] 
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43: Silicide film 

44- Silicon oxide film 

45- -47* Contact holes 

48-52: Wiring 60 Silicon oxide film 

70: Bottom gate oxide film 

7 1 : Silicon nitride film 

72: Top gate oxide film 

73: Gate electrode 

74: n - type semiconductor region 

75: n*-type semiconductor region 

76: n'^-type semiconductor region 

77: Gate oxide film 

78: Gate electrode 

79: n"*"- type semiconductor region 

80: Bottom gate oxide film 

81: SUicon nitride film 

82: (Top) Gate oxide film 

83: Gate electrode 

84: n - type semiconductor region 

85: p -type semiconductor region 

86: n+-type semiconductor region 

87: n"-t3^e semiconductor region 

90: Gate electrode 

9 1 : p'-type semiconductor region 

92: n+-type semiconductor region (source, drain) 

93: Silicon nitride film (cap) 

94: Side wall spacer 

95: Silicon oxide film 

96, 97: Contact holes 

98: Plug 

99: Silicon oxide film 

101: Silicon substrate 

102: Gate oxide film 

103: Floating gate 

104: Interlayer insulation film 

105: Control gate 

106: Source 

107: Drain 

108: Electron 

111: Silicon substrate 

112: Direct tunnel oxide film 

113: Silicon nitride film 

114: Gate oxide film 

115a, 115b: Gate electrode 

116: Source 

117: Connecting difiusion layer drain 
118: Gate oxide film 
119: Drain 

121: Silicon substrate 
122: Gate oxide film 



36 



Patent 



123- Selection gate electrode 

124- Silicon oxide film 
125^ Silicon nitride film 
126- Silicon oxide film 

127* Side wall gate electrode \ 
128: Source ; 
129: Drain 

CSL: Common source line 

DL (DLl-DLn): Bit lines 

MA: Memory cell array 

M (Ml I'-'Mnm): Memory cells 

Qc: MISFET 

Qm: MISFET 

Qs: Selection MISFET 

SL (SLl~SLm/2): Source lines 

SA: Sense amplifier 

WL (WLl~WLm): Word lines 

X-DEC : Low decoder 

Y-DEC : Column decoder 

[Abstract] 

[Objective] 

The objective of this invention is to provide a nonvolatile memory equipped with a new ceU structure 
having both scalability comparable to the floating gate t3rpe memory cell and reliability equivalent to 
or higher than the MNOS*type memory cell and its manu£aicturing method. 

[Resolution Means] 

The MISFET Qm comprising nonvolatile memory consists of a gate electrode 10a formed on the gate 
insulation film, an n+-type semiconductor region 13 (drain) whose one end extends to the bottom of a 
gate electrode 10a, an n'^^-type semiconductor region 15 (high concentration source) formed offset 
relative to the gate electrode 10a, and an n— type semiconductor region II Qow concentration source) 
whose one end extends to the bottom of the gate electrode 10a. In the gate insulation film, the drain 
side consists of one layer of silicon oxide film 9, the source side consists of three layers of insulation 
films where a silicon oxide film 7, a silLcon nitride film 8, and a silicon oxide film 9 are accumulated. 



[Fig. 5] 
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1. Isolation formation 

2. Deep n-type well implantation 

3. Shallow n-type weU implantation 
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4. p-type well implantation 

5. Gate electrode processing 

8. Peripheral pMOS low concentration source & drain implantation 

9. n^-tjTpe semiconductor region implantation 

10. p+-t3^e semiconductor region implantation 

11. Contact hole opening 

12. First metal wiring processing 
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[Fig. 40] 
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CLAIMS 



(57) [Claim(s)] 

[Claim 1] A gate electrode connected to a word line and an electric target is formed on a gate insulator layer formed on 
a semiconductor substrate of the 1st conductivity type. The 1st and 2nd semiconductor region of the 2nd conductivity 
type which constitutes the source and a drain is formed in said semiconductor substrate. It is semiconductor integrated 
circuit equipment with which a memory cell of a non-volatile was constituted by MISFET by which a channel field is 
formed between said 1st semiconductor region and said 2nd semiconductor region. Said 1st semiconductor region side 
at least said gate insulator layer The 1st silicon oxide film, It is semiconductor integrated circuit equipment 
characterized by consisting of an insulator layer of three layers which carried out the laminating of a sihcon nitride fibn 
and the 2nd silicon oxide fibn, and carrying out by writing of said memory cell making said 2nd semiconductor region 
high potential rather than said 1st semiconductor region. 

[Claim 2] A gate electrode connected to a word line and an electric target is formed on a gate insulator layer formed on 
a semiconductor substrate. The 1st and 2nd semiconductor region of the 2nd conductivity type which constitutes the 
source and a drain is formed in said semiconductor substrate. It is semiconductor integrated circuit equipment with 
which a memory cell of a non- volatile was constituted by MISFET by which a channel field is formed between said 1st 
semiconductor region and said 2nd semiconductor region. Said 1st semiconductor region side at least said gate insulator 
layer The 1st sihcon oxide film. High impurity concentration of a portion which consists of an insulator layer of three 
layers which carried out the laminating of a silicon nitride fihn and the 2nd silicon oxide film, and extends in the lower 
part of said gate electrode of said 1st semiconductor region Semiconductor integrated circuit equipment characterized by 
pouring said hot electron into said silicon nitride film by being lower than high impurity concentration of a portion 
which extends in the lower part of said gate electrode of said 2nd semiconductor region, and generating a hot electron in 
said 1st semiconductor region side. 

[Claim 3] A gate electrode connected to a word line and an electric target is formed on a gate insulator layer formed on 
a semiconductor substrate. The 1st and 2nd semiconductor region of the 2nd conductivity type which constitutes the 
source and a drain is formed in said semiconductor substrate. It is semiconductor integrated circuit equipment with 
which a memory cell of a non-volatile was constituted by MISFET by which a channel field is formed between said 1st 
semiconductor region and said 2nd semiconductor region. Said 1st semiconductor region side said gate insulator layer 
The 1st silicon oxide film, It consists of an insulator layer of three layers which carried out the laminating of a siUcon 
nitride film and the 2nd silicon oxide film. High impurity concentration of a portion to which said 2nd semiconductor 
region side extends in the lower part of said gate electrode of said 1st semiconductor region by consisting of a silicon 
oxide film is semiconductor integrated circuit equipment characterized by differing fi-om high impurity concentration of 
a portion which extends in the lower part of said gate electrode of said 2nd semiconductor region. 
[Claim 4] High impurity concentration of a portion which is semiconductor integrated circuit equipment according to 
claim 1 or 3, and extends in the lower part of said gate electrode of said 1st semiconductor region is semiconductor 
integrated circuit equipment characterized by being lower than high impurity concentration of a portion which extends 
in the lower part of said gate electrode of said 2nd semiconductor region. 

[Claim 5] It is semiconductor integrated circuit equipment which is semiconductor integrated circuit equipment 
according to claim 1, 2, or 4, and is characterized by for said gate insulator layer consisting of an insulator layer of three 
layers to which said 1st semiconductor region side carried out the laminating of said 1st silicon oxide film, a silicon 
nitride film, and the 2nd silicon oxide film, and said 2nd semiconductor region side consisting of a silicon oxide film. 
[Claim 6] It is semiconductor integrated circuit equipment characterized by being semiconductor integrated circuit 
equipment given in any 1 term of claims 1-5, and said gate insulator layer having the electric capacity thickness with 
almost same said 1st semiconductor region side and said 2nd semiconductor region side. 

[Claim 7] It is semiconductor integrated circuit equipment characterized by being semiconductor integrated circuit 
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equipment according to claim 1, 2, 4, 5, or 6, and said gate insulator layer consisting of an insulator layer of three layers 
to which said said 1st semiconductor region and 2nd semiconductor region side carried out the laminating of said 1st 
silicon oxide fihn, a silicon nitride film, and the 2nd silicon oxide film. 

[Claim 8] It is semiconductor integrated circuit equipment which is semiconductor integrated circuit equipment 
according to claim 1, 3, 4, 5, 6, or 7, and is characterized by performing writing of said memory cell by pouring in a hot 
electron into said silicon nitride film which constitutes said a part of gate insulator layer. 

[Claim 9] Thickness of said 1st silicon oxide film which is semiconductor integrated circuit equipment given in any 1 
term of claims 1-8, and was formed in a lower layer of said silicon nitride fibn among said insulator layers of three 
layers which constitute said a part of gate insulator layer [ at least ] is semiconductor integrated circuit equipment 
characterized by being thicker than thickness to which direct tunnel current flows. 

[Claim 10] It is semiconductor integrated circuit equipment which it is semiconductor integrated circuit equipment 
given in any 1 term of claims 1-9, and said 2nd semiconductor region consists of a semiconductor region of the 1st 
conductivity type with which the end extends in the lower part of said gate electrode, and a semiconductor region of the 
2nd conductivity type which the end estranged firom said gate electrode, and is characterized by said 1st semiconductor 
region consisting of the 2nd conductivity type. 

[Claim 1 1] It is semiconductor integrated circuit equipment which is semiconductor integrated circuit equipment given 
in any 1 term of claims 1-10, and is characterized by making read-out of said memory cell into high potential, and 
performing said 1st semiconductor region rather than said 2nd semiconductor region. 

[Claim 12] It is semiconductor integrated circuit eqmpment which is semiconductor integrated circuit equipment given 
in any 1 term of claims 1-10, and is characterized by making read-out of said memory cell into high potential, and 
performing said 2nd semiconductor region rather than said 1st semiconductor region. 

[Claim 13] It is semiconductor integrated circuit equipment given in any 1 term of claims 1-12. A source line is formed 
of a plug embedded at the 1 st connection hole formed in an insulator layer of one upper part of said 1 st and 2nd 
semiconductor region. Semiconductor integrated circuit equipment characterized by connecting a bit line to another side 
of said 1st and 2nd semiconductor region through a plug embedded at the 2nd connection hole formed in said insulator 
layer of the upper part of another side of said 1st and 2nd semiconductor region. 

[Claim 14] It is semiconductor integrated circuit equipment characterized by being semiconductor integrated circuit 
equipment according to claim 13, and forming said 1st connection hole and said 2nd connection hole by self align to a 
space of a gate electrode of said MISFET. 

[Claim 15] It is semiconductor integrated circuit equipment characterized by being semiconductor integrated circuit 
equipment given in any 1 term of claims 1-14, and said memory cell consisting of said MISFET which constitutes the 
storage element section, and MISFET for selection. 

[Claim 16] It is semiconductor integrated circuit equipment which is semiconductor integrated circuit equipment given 
in claims 1-9 and any 1 term of 1 1-15, and is characterized by said 1st semiconductor region and said 2nd 
semiconductor region being the same conductivity type. 

[Claim 17] A manufacture method of semiconductor integrated circuit equipment characterized by including the 
following processes; 

a conductor formed in the upper part of said 2nd silicon oxide fibn after forming the 2nd silicon oxide film on (a) 

semiconductor substrate characterized by providing the following ~ by carrying out patterning of the film After forming 
the 2nd silicon nitride film on a process which forms a gate electrode of MISFET, and said semiconductor substrate 
including the upper part of the (b) aforementioned gate electrode. By etching a process which forms the 4th silicon 
oxide film in the upper part of said 2nd silicon nitride film, the 4th silicon oxide film of (c) above, and said 2nd silicon 
nitride film It is the 1st field of the lower part of said gate electrode by etching a process and the 2nd silicon oxide fihn 
of (d) above on which the upper part and a side attachment wall of said gate electrode of said MISFET are exposed 
isotropic. Expose an underside and said semiconductor substrate of said gate electrode, and it sets to the 2nd field of the 
lower part of said gate electrode. By heat-treating a process and the (e) aforementioned semiconductor substrate which 
leave said 2nd silicon oxide film Said 1st silicon oxide film formed in a front face of said semiconductor substrate in 
said 1st field in a process and the 1st field of (f) above which form the 1st silicon oxide film in a front face of said 
semiconductor substrate, and an underside of said gate electrode A crevice between said 1st silicon oxide films formed 
in an underside of said gate electrode 

[Claim 18] Are the manufacture method of semiconductor integrated circuit equipment according to claim 17, and an 
impurity is introduced into an edge by the side of said 1st field of said gate electrode in self aUgn. An impurity is 
introduced into an edge by the side of a process which forms the 1st semiconductor region in said semiconductor 
substrate, and said 2nd field of said gate electrode in self align. A manufacture method of semiconductor integrated 
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circuit equipment characterized by making high impurity concentration of said 1st semiconductor region lower than 
high impurity concentration of said 2nd semiconductor region including a process which forms the 2nd semiconductor 
region in said semiconductor substrate. 

[Claim 19] The gate electrode of MISFET which it is the manufacture method of semiconductor integrated circuit 
equipment according to claim 17 or 18, and said MISFET constitutes nonvolatile memory, and constitutes a 
circumference circuit, and the gate electrode of MISFET which constitutes said nonvolatile memory are the manufacture 
method of the semiconductor integrated circuit equipment characterized by to be formed at a process which carries out 
patterning of the same electric-conduction film, and to form a gate insulator layer of MISFET which constitutes said 
circumference circuit at a process which forms said 2nd silicon oxide film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention is applied to the semiconductor integrated 
circuit equipment which has the nonvolatile memory of the single MISFET structure which made the insulator layer trap 
the are recording field of a charge about semiconductor integrated circuit equipment and its manufacturing technology, 
and relates to effective technology. 
[0002] 

[Description of the Prior Art] The basic cellular structure of the nonvolatile memory formed on a silicon substrate The 
so-called floating-gate mold which is formed between gate oxide and the control gate (word line) of the upper part, and 
makes the floating (floating) gate insulated by the perimeter and the electric target the are recording field of a charge. 
Do not have such the floating gate but a gate insulator layer consists of cascade screens of a silicon oxide film and a 
silicon nitride film. It is divided roughly into the MNOS (Metal-gate Nitride Oxide Silicon) mold which makes the 
electron by which the trap was carried out into the above-mentioned silicon nitride film the are recording field of a 
charge. 

[0003] Drawin g 52 is the cross section showing the typical cellular structure of a floating-gate mold memory cell, this - 
a memory cell - a siUcon substrate - 101 - a principal plane ~ a top - forming ~ having had ~ thickness ~ ten — nm - 
about - gate oxide — 102 — the upper part — the floating gate — 103 — an interlayer insulation film — 104 — and — 
control - the gate - (— CG — ) - 105 — sequential ~ formation — carrying out - the floating gate - 103 — both sides - 
a silicon substrate — 101 - the source — (~ S ~) - 106 and - a drain - (— D — ) ~ 107 — having formed — structure ~ 
becoming —****. 

[0004] the condition that there is no are recording of the threshold voltage (Vth) of the transistor which the writing of a 
memory cell poured in the electron 108 all over the floating gate 103, and was seen firom the control gate 105 of an 
electron 108 - comparing — 3V-5 — it carries out by making it go up about by V. Moreover, impregnation of the 
electron 108 to the floating gate 103 has the method in use drawn in the floating gate 103 with the positive voltage 
which impressed the about 107-drain hot electron generated by avalanche breakdown to the control gate 105. 
[0005] On the other hand, drawing 53 is the cross section showing the typical cellular structure of an MNOS mold 
memory cell. Sequential formation of the gate electrode (PEG) 1 15a a silicon nitride film 113 and for 
writing/elimination is carried out in the upper part of the direct tunnel oxide film 1 12 of about 2nm of thickness with 
which this memory cell was formed on the principal plane of a silicon substrate 111. MISFET by which the source (S) 
116 and the connection diffusion layer (drain) 117 were formed in the silicon substrate 1 1 1 of the both sides of gate 
electrode 1 15a (storage element section), It consists of MISFET(s) for selection by which gate electrode (SG)1 15b for 
selection was formed in the upper part of gate oxide 118, and the connection diffusion layer (source) 117 and the drain 
(D) 1 19 were formed in the silicon substrate 1 1 1 of the both sides of gate electrode 1 1 5b. 

[0006] By controlling the potential of gate electrode 1 15a a silicon substrate 1 1 1 and for writing/elimination, pouring in 
an electron 108 completely and carrying out a trap into a silicon nitride film 113, fi'om a silicon substrate 1 1 1 side 
through the direct tunnel oxide film 112, the writing of a memory cell raises the threshold voltage of MISFET of the 
storage element section, and performs it. Moreover, by controlling the potential of a silicon substrate 1 1 1 and gate 
electrode 1 15a, and emitting similarly, the electron which carried out the trap into the silicon nitride film 1 13 to a silicon 
substrate 1 1 1 side, the threshold voltage of MISFET of the storage element section is dropped, and elimination is also 
performed. In the case of this elimination actuation, since the threshold voltage of the storage element section is reduced 
to less than [ OV ], i.e., a depression field, in order to read, MISFET for selection described above in addition to 
MISFET of the storage element section is needed. 
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[0007] The electron by which the trap was carried out is independently contributed to the modulation of threshold 
voltage, respectively from the above-mentioned MNOS mold memory cell being a method of operation which carries 
out the trap of the electron into an insulator layer (silicon nitride film 1 13). Therefore, the fluctuation of the threshold 
voltage covering the channel whole region of the storage element section by partial leakage of the electron in the silicon 
nitride film 113 resulting from the defect in the direct tunnel film 1 12 is dramatically small. In other words, the retention 
property is excellent and it can be said that it is a memory cell method with high reliability. 
[0008] Drawing 54 is the cross section showing the cellular structure which was indicated by United States Patent 
(USP) No. 54081 15, and was named "Self-Aligned Split-Gate EEPROM Device." This memory cell carries out the 
laminating of gate oxide 122 and the gate electrode 123 for selection (SG) on the principal plane of a silicon substrate 
121, and has structure which formed the sidewall gate electrode (SWG) 127 through the insulator layer of three layers 
which becomes the side-attachment- wall section of them from the silicon oxide film 124, a silicon nitride film 125, and 
the silicon oxide film 126. Moreover, the source (S) 128 is formed of the ion implantation which uses this sidewall gate 
electrode (SWG) 127 as a mask, and the drain (D) 129 is formed of the ion implantation which uses said gate electrode 
123 for selection as a mask. 

[0009] The writing of a memory cell is "1997 Symposium on VLSI Technology Digest ofTechnical Papers p63-p64". A 
drain 129 is made into touch-down potential, and it carries out by impressing the voltage of 5V, 9V, and IV to the 
source 128, the sidewall gate electrode 127, and the selector-gate electrode 123, respectively as indicated. 
[0010] Drawing 55 shows the potential distribution and field strength distribution of a channel field at the time of write- 
in actuation of the above-mentioned memory cell. In the voltage (5 V) impressed between (Source S)-drains (D), the 
field strength which met in the direction of a channel like a graphic display since the most was impressed to the 
depletion layer of the source (S) serves as maximum in directly under [ of a sidewall gate electrode (SWG) ]. Therefore, 
it is accelerated in the high electric-field field near the source (S), and the electron which has run from the drain (D) to 
the channel field causes avalanche breakdown, into a silicon nitride film (125), it is poured in and the trap of the hot 
electron generated at this time is carried out by the high electric field of the lengthwise direction by the sidewall gate 
electrode (SWG). That is, the threshold voltage seen from the sidewall gate electrode (SWG) rises by carrying out the 
trap of the electron to the silicon nitride film [ directly under ] (125) of a sidewall gate electrode (SWG). The write-in 
method by this hot electron is the same on the method and basic target which draw the hot electron near [ in the floating- 
gate mold memory cell mentioned above ] the drain in the floating gate. 

[001 1] Moreover, read-out of the above-mentioned memory cell makes the source (128) touch-down potential, 
impresses the voltage of 1.8V to a sidewall gate electrode (127) and the gate electrode (123) for selection, and judges 
the modulation of the threshold voltage seen from the sidewall gate electrode (127) by the existence of the electron trap 
in a siUcon nitride film (125) from drain current. In order that this memory cell may write in using a hot electron, even if 
it forms by thickness (for example, about lOnm) thicker than the direct tunnel oxide film of the MNOS mold memory 
cell which mentioned above the silicon oxide film [ directly under ] (124) of the silicon nitride film (125) to which the 
trap of the electron is carried out, drawing speed does not deteriorate. Moreover, defect density decreases, so that this 
silicon oxide film (124) is made into thick thickness, and the retention property of a memory cell improves as a result. 
[0012] IEEE Electron Device Lett., and (voLEDL-8, no.3, pp.93-95, March 1987) are indicating the nonvolatile memory 
of single MISFET structure without the control gate. The memory cell of this nonvolatile memory consists of a gate 
electrode of the polycrystalline silicon formed in the upper part of a gate insulator layer, and the source and the drain 
which were formed in the semiconductor substrate of the both sides of this gate electrode, and the gate insulator layer 
consists of three-tiered structures which sandAviched the siUcon nitride film between two-layer silicon oxide films. 
[0013] The writing of a memory cell performs the carrier near the drain impregnation and by carrying out a trap into a 
silicon nitride film. This memory cell is excellent in the retention property compared with the MNOS mold memory 
cell, in order that the carrier in the silicon nitride film inserted into the two-layer silicon oxide film may carry out 
localization to the narrow field near the drain. 

[0014] JP,6-232416,A is indicating the nonvolatile memory of the single MISFET structure where the gate insulator 
layer and the trap film holding a carrier were stood in a row and formed in the upper part of the channel field between 
the source and a drain, and the gate electrode was formed in the upper part of this gate insulator layer and a trap film. A 
gate insulator layer consists of silicon oxide films, and the trap film consists of three-tiered structures which sandwiched 
the silicon nitride film between two-layer silicon oxide films. 

[0015] The writing of a memory cell performs an electron silicon nitride film impregnation and by carrying out a trap 
through the lower layer silicon oxide fibn (tunnel oxide film) which constitutes some trap films. Since this memory cell 
forms the gate insulator layer of the usual enhancement MISFET, and the trap film of the memory section holding a 
carrier in the lower part of a single gate electrode, it can reduce eel area. 
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[0016] 

[Problem(s) to be Solved by the Invention] Since the floating-gate mold memory cell mentioned above carries out the 
laminating of the control gate (word line) to the upper part of the floating gate, it can design eel area comparatively 
small and has the cellular structure suitable for large capacity-ization. on the oth^ hand, although it can say that the 
MNOS mold memory cell be excellent in the retention property compared with the floating gate mold memory cell, and 
be a cell method with high reliability, since two basic elements be need for the storage element section and selection, the 
eel area in the same layout rule become large [ a floating gate mold memory cell ] about 4 to 5 times, and large capacity- 
ization have the defect of not be suitable. 

[0017] Moreover, the memory cell indicated by United States Patent (USP) No. 5408 11 5 has the scalability and the 
MNOS mold memory cell which are equal to a floating-gate mold memory cell, and the high reliability more than an 
EQC. However, compared with a floating-gate mold memory cell, writing/elimination actuation becomes complicated 
and the area of the circumference circuit needed as a result increases the cellular structure which has a gate electrode for 
selection, and a sidewall gate electrode. And for a certain reason, the width of face of a sidewall gate electrode increased 
by about lOOnm by 5 to 7 times the gate resistance usual in the wiring resistance, this read, and deterioration of speed is 
caused. Furthermore, although the width of face of between the gate electrode for selection and sidewall gate electrodes 
(i.e., the channel field [ directly xmder ] of the field where the laminating of a silicon oxide film (124), a silicon nitride 
film (125), and the silicon oxide film (126) was carried out to the longitudinal direction) is as slight as about 30nm, the 
gate electrode does not exist in the upper part. Therefore, this field acts as parasitism resistance, reduces the drain 
current at the time of read-out, and reads, and there is a problem of degrading speed. 

[001 8] The object of this invention is to offer the nonvolatile memory equipped with the new cellular structure having 
the scalability and the MNOS mold memory cell which are equal to a floating-gate mold memory cell, and the high 
reliability more than an EQC, and its manufacture method. 

[0019] The other objects and the new feature will become clear firom description and the accompanying drawing of this 
description along [ said ] this invention. 

[0020] 

[Means for Solving the Problem] It will be as follows if an outline of a typical thing is briefly explained among 
invention indicated in this application. 

[0021 ] A gate electrode connected to a word line and an electric target is formed on a gate insulator layer by which 
nonvolatile memory of the invention in this application was formed on a semiconductor substrate of the 1st conductivity 
type. The 1st and 2nd semiconductor region of the 2nd conductivity type which constitutes the source and a drain is 
formed in said semiconductor substrate. A memory cell of a non-volatile is constituted by MISFET by which a channel 
field is formed between said 1st semiconductor region and said 2nd semiconductor region. Said gate insulator layer Said 
1st semiconductor region side consists of an insulator layer of three layers which carried out the laminating of the 1st 
silicon oxide film, a silicon nitride fihn, and the 2nd siUcon oxide film at least. 

[0022] Writing of said memory cell makes high potential said 2nd semiconductor region of a selected memory cell 
rather than said 1st semiconductor region, and is performed by injecting into an electron trap in a silicon nitride film a 
hot electron generated in the 2nd conductivity-type semiconductor region of low high impurity concentration. 
[0023] In addition, it will be as follows, if the term division of the outiine of invention indicated by this application is 
carried out and it is explained. 

[0024] 1. Gate Electrode Connected to Word Line and Electric Target is Formed on Gate Insulator Layer Formed on 
Semiconductor Substrate of 1st Conductivity Type. The 1st and 2nd semiconductor region of the 2nd conductivity type 
which constitutes the source and a drain is formed in said semiconductor substrate. It is semiconductor integrated circuit 
equipment with which a memory cell of a non-volatile was constituted by MISFET by which a channel field is formed 
between said 1st semiconductor region and said 2nd semiconductor region. Said 1st semiconductor region side at least 
said gate insulator layer The 1st silicon oxide film, It is semiconductor integrated circuit equipment characterized by 
consisting of an insulator layer of three layers which carried out the laminating of a silicon nitride fihn and the 2nd 
silicon oxide film, and carrying out by writing of said memory cell making said 2nd semiconductor region high potential 
rather than said 1 st semiconductor region. 

[0025] 2. Gate Electrode Connected to Word Line and Electric Target is Formed on Gate Insulator Layer Formed on 
Semiconductor Substrate. The 1st and 2nd semiconductor region of the 2nd conductivity type which constitutes the 
source and a drain is formed in said semiconductor substrate. It is semiconductor integrated circuit equipment with 
which a memory cell of a non- volatile was constituted by MISFET by which a channel field is formed between said 1st 
semiconductor region and said 2nd semiconductor region. Said 1st semiconductor region side at least said gate insulator 
layer The 1 st siUcon oxide film. High impurity concentration of a portion which consists of an insulator layer of three 
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layers which carried out the laminating of a silicon nitride film and the 2nd silicon oxide film, and extends in the lower 
part of said gate electrode of said 1st semiconductor region Semiconductor integrated circuit equipment characterized by 
pouring said hot electron into said silicon nitride film by being lower than high impurity concentration of a portion 
which extends in the lower part of said gate electrode of said 2nd semiconductor region, and generating a hot electron in 
said 1 St semiconductor region side. 

[0026] 3. Gate Electrode Connected to Word Line and Electric Target is Formed on Gate Insulator Layer Formed on 
Semiconductor Substrate. The 1st and 2nd semiconductor region of the 2nd conductivity type which constitutes the 
source and a drain is formed in said semiconductor substrate. It is semiconductor integrated circuit equipment with 
which a memory cell of a non- volatile was constituted by MISFET by which a channel field is formed between said 1st 
semiconductor region and said 2nd semiconductor region. Said 1st semiconductor region side said gate insulator layer 
The 1st silicon oxide film, It consists of an insulator layer of three layers which carried out the laminating of a sihcon 
nitride film and the 2nd silicon oxide film. High impurity concentration of a portion to which said 2nd semiconductor 
region side extends in the lower part of said gate electrode of said 1st semiconductor region by consisting of a silicon 
oxide film is semiconductor integrated circuit equipment characterized by differing from high impurity concentration of 
a portion which extends in the lower part of said gate electrode of said 2nd semiconductor region. 
[0027] 4. High impurity concentration of a portion which extends in the lower part of said gate electrode of said 1st 
semiconductor region in said claims 1 or 3 is semiconductor integrated circuit equipment characterized by being lower 
than high impurity concentration of a portion which extends in the lower part of said gate electrode of said 2nd 
semiconductor region. 

[0028] 5. It is semiconductor integrated circuit equipment characterized by consisting of an insulator layer of three 
layers to which, as for said gate insulator layer, said 1st semiconductor region side carried out the laminating of said 1st 
silicon oxide film, a silicon nitride fihn, and the 2nd siUcon oxide film in said claims 1, 2, or 4, and said 2nd 
semiconductor region side consisting of a silicon oxide film. 

[0029] 6. It is semiconductor integrated circuit equipment characterized by said gate insulator layer having the electric 
capacity thickness with almost same said 1st semiconductor region side and said 2nd semiconductor region side in any 1 
term of said claims 1-5. 

[0030] 7. It is semiconductor integrated circuit equipment characterized by consisting of an insulator layer of three 
layers to which, as for said gate insulator layer, said said 1st semiconductor region and 2nd semiconductor region side 
carried out the laminating of said 1st silicon oxide film, a silicon nitride film, and the 2nd silicon oxide fihn in said 
claims 1,2,4, 5, or 6. 

[0031] 8. It is semiconductor integrated circuit eqxiipment characterized by carrying out by pouring in a hot electron into 
said silicon nitride film with which writing of said memory cell constitutes said a part of gate insulator layer in said 
claims 1, 3, 4, 5, 6, or 7. 

[0032] 9. Thickness of said 1st silicon oxide film formed in a lower layer of said silicon nitride film in any 1 term of 
said claims 1-8 among said insulator layers of three layers which constitute said a part of gate insulator layer [ at least ] 
is semiconductor integrated circuit equipment characterized by being thicker than thickness to which direct tunnel 
current flows. 

[0033] 10. It is semiconductor integrated circuit equipment which said 2nd semiconductor region consists of a 
semiconductor region of the 1 st conductivity type with which the end extends in the lower part of said gate electrode, 
and a semiconductor region of the 2nd conductivity type which the end estranged from said gate electrode in any 1 term 
of said claims 1-9, and is characterized by said 1st semiconductor region consisting of the 2nd conductivity type. 
[0034] 1 1 . It is semiconductor integrated circuit equipment characterized by carrying out by read-out of said memory 
cell making said 1st semiconductor region high potential rather than said 2nd semiconductor region in any 1 term of said 
claims 1-10. 

[0035] 12. It is semiconductor integrated circuit equipment characterized by carrying out by read-out of said memory 
cell making said 2nd semiconductor region high potential rather than said 1st semiconductor region in any 1 term of said 
claims 1-10. 

[0036] 13. Source Line is Formed of Plug Embedded in Any 1 Term of Said Claims 1-12 at 1st Connection Hole 
Formed in Insulator Layer of One Upper Part of Said 1st and 2nd Semiconductor Region. Semiconductor integrated 
circuit equipment characterized by connecting a bit line to another side of said 1st and 2nd semiconductor region 
through a plug embedded at the 2nd connection hole formed in said insulator layer of the upper part of another side of 

said 1st and 2nd semiconductor region. 

[0037] 14. It is semiconductor integrated circuit equipment characterized by forming said 1st connection hole and said 
2nd connection hole by self align to a space of a gate electrode of said MISFET in said claim 13. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/18/2004 



Page 5 of 14 



[0038] 15. It is semiconductor integrated circuit equipment characterized by consisting of said MISFET from which said 

memory cell constitutes the storage element section in any 1 term of claims 1-14, and MISFET for selection. 

[0039] 16. It is semiconductor integrated circuit equipment characterized by said 1st semiconductor region and said 2nd 

semiconductor region being the same conductivity type in claims 1-9 and any 1 term of 1 1-15. 

[0040] 17. A Manufacture Method of Semiconductor Integrated Circuit Equipment Characterized by Including the 

Following Processes; 

(a) a process which forms a silicon nitride film in the upper part of said 1st silicon oxide film after forming the 1st 
silicon oxide fihn on a semiconductor substrate, and (b) — by carrying out patterning of said 1st silicon oxide fihn and 
said silicon nitride film It leaves said 1st silicon oxide film and said silicon nitride film to the 1st field on said 
semiconductor substrate. A process which removes said 1st silicon oxide film and said silicon nitride film of the 2nd 
field, (c) A process which forms the 2nd silicon oxide film in the upper part of said silicon nitride film of said 1st field 
on said semiconductor substrate, and said 2nd field on said semiconductor substrate, (d) — a conductor formed in the 
upper part of said 2nd silicon oxide film - a process which forms a gate electrode of MISFET by carrying out patterning 
of the film on said 2nd silicon oxide film of said 1st and 2nd field. 

[0041] 18. A Manufacture Method of Semiconductor Integrated Circuit Equipment Characterized by Including the 
Following Processes; 

(a) a conductor formed in the upper part of said 2nd silicon oxide fihn after forming the 2nd silicon oxide film on a 
semiconductor substrate - by carrying out patterning of the film After forming the 2nd silicon nitride film on a process 
which forms a gate electrode of MISFET, and said semiconductor substrate including the upper part of the (b) 
aforementioned gate electrode, By etching a process which forms the 4th silicon oxide film in the upper part of said 2nd 
silicon nitride film, the 4th silicon oxide film of (c) above, and said 2nd silicon nitride film By etching a process and the 
2nd siUcon oxide film of (d) above on which the upper part and a side attachment wall of said gate electrode of said 
MISFET are exposed isotropic In the 1st field of the lower part of said gate electrode, expose an underside and said 
semiconductor substrate of said gate electrode, and it sets to the 2nd field of the lower part of said gate electrode. By 
heat-treating a process and the (e) aforementioned semiconductor substrate which leave said 2nd silicon oxide film In a 
process and the 1st field of (f) above which form the 1st silicon oxide film in a front face of said semiconductor 
substrate, and an underside of said gate electrode in said 1st field A process which forms the 2nd silicon nitride fihn on 
said semiconductor substrate including a crevice between said 1st silicon oxide film formed in a front face of said 
semiconductor substrate, and said 1st silicon oxide film formed in an underside of said gate electrode. 
[0042] 19. Introduce Impurity into Edge by the side of Said 1st Field of Said Gate Electrode in Self Align in Claims 17 
or 18. An impurity is introduced into an edge by the side of a process which forms the 1st semiconductor region in said 
semiconductor substrate, and said 2nd field of said gate electrode in self align. A manufacture method of semiconductor 
integrated circuit equipment characterized by making high impurity concentration of said 1st semiconductor region 
lower than high impurity concentration of said 2nd semiconductor region including a process which forms the 2nd 
semiconductor region in said semiconductor substrate. 

[0043] 20. A gate electrode of MISFET which said MISFET constitutes nonvolatile memory and constitutes a 
circumference circuit in claims 17, 18, or 19, and a gate electrode of MISFET which constitutes said nonvolatile 
memory are the manufacture method of semiconductor integrated circuit equipment characterized by to be formed at a 
process which carries out patterning of the same electric conduction fihn, and to form a gate insulator layer of MISFET 
which constitutes said circumference circuit at a process which forms said 2nd silicon oxide film. 
[0044] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to details based on a 
drawing. In addition, in the complete diagram for explaining the gestalt of operation, the same sign is given to the 
member which has the same fiinction, and explanation of the repeat is omitted. 

[0045] (Gestalt 1 of operation) Drawin g 1 is tiie outline circuit diagram showing the body of the flash memory (package 

elimination mold nonvolatile memory) which is the gestalt of 1 operation of this invention. 

[0046] In the memory cell array (MA) of this flash memory Two or more word lines WL (WLl -WLm) and two or 

more source lines SL (SLl -SLm/2) which extend in the longitudinal direction (the direction of X) of drawing Two or 

more memory cells M (Ml 1-Mnm) which consisted of two or more bit line DL (DLl -DLn) and the MISFET structures 

mentioned later which extend in the direction of Y which intersects perpendicularly with these are formed. 

[0047] Each of the above-mentioned word line WL (WLl -WLm) is connected to the gate electrode of two or more 

memory cells M arranged along the direction of X, and the end section is connected to the low decoder (X-DEC). One 

each of the source line SL (SLl -SLm/2) is arranged between [ each ] two word lines WL, and is connected to the 

source with which two memory cells M which adjoin in the direction of Y are common. Moreover, the end section of 
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these source lines SL (SLl -SLm/2) is connected to the common source line CSL arranged at the periphery of a memory 
cell array (MA). Each of bit line DL (DLl -DLn) is connected to the drain with which two memory cells M which 
adjoin in the direction of Y are common, and the end section is connected to the column decoder (Y -DEC) and the sense 
amplifier (SA). 

[0048] The plan in which the important section cross section of the semiconductor substrate in which the one section 
each of the circumference circuit where drawin g 2 adjoins the above-mentioned memory cell array and it is shown, and 
drawing 3 (A) show the conductor-layer pattern for about four memory cells, and drawing 3 (B) are the plans showing 
the conductor-layer pattem for about 12 memory cells. 

[0049] The well 5 is formed in the memory cell array field of the semiconductor substrate 1 which consists of single 
crystal silicon of p mold p mold, and the well 6 is formed in the circumference circuit field n mold with the well 5 p 
mold, moreover, p mold of a memory cell array field — the lower part of a well 5 ~ this p mold — deep n mold for 
separating a well 5 electrically from other fields of the semiconductor substrate 1 - the well 4 is formed, p mold ~ a 
well 5 and n mold ~ the field oxide 2 for isolation which conisisted of silicon oxide films is formed in each fi-ont face of 
a well 6. 

[0050] MISFETQm of the n channel mold of a memory cell array field which constitutes a memory cell in a well 5 is 
formed p mold. Moreover, p mold, the n channel mold MISFETQn of a circumference circuit field which constitutes a 
part of circumference circuit in a well 5 is formed, and the p channel mold MISFETQp which constitutes a part of other 
circumference circuits is formed in the well 6 n molds. 

[0051] Gate electrode 10a by which MISFETQm which constitutes a memory cell was formed mainly on the gate 
insulator layer, n+ in which an end extends to tihe lower part of gate electrode 10a Mold semiconductor region 13 
(drain), n+ formed so that it might offset to gate electrode 10a Mold semiconductor region 15 (high concentration 
source), n+ n in which it is formed in the perimeter of the mold semiconductor region 15, and an end extends to the 
lower part of gate electrode 10a - It consists of a mold semiconductor region 1 1 (low concentration source) and a 
channel formation field (p mold well 5) inserted into these sources and a drain. Gate electrode 10a is constituted by a 
word line WL and one, and the source (n-f the mold semiconductor region 15, n - mold semiconductor region 1 1) is 
constituted by the source line SL and one. 

[0052] It consists of polycide films which carried out the laminating of the W (tungsten) silicide film to the upper part of 
the polycrystalline silicon film of n mold, and, as for gate electrode 10a, the sidewall spacer 16 which consisted of 
silicon oxide fihns is formed in the side attachment wall. Moreover, a drain side consists of silicon oxide films 9 of one 
layer, and the gate insulator layer formed in the lower part of gate electrode 10a consists of insulator layers of three 
layers to which the source side carried out the laminating of the silicon oxide film 7 and the silicon nitride film 8 to the 
lower layer of the silicon oxide film 9. 

[0053] The p channel mold MISFETQp of a circumference circuit Gate electrode 10b formed mainly on the gate 
insulator layer (silicon oxide film 9), p+ of the couple formed so that it might offset to gate electrode 10b Mold 
semiconductor region 14 (the source, drain), p of the couple in which an end extends to the lower part of gate electrode 
10b - It consists of a mold semiconductor region 12 and a chaimel formation field (p mold well 5) inserted into these 
sources and a drain. Moreover, the n channel mold MISFETQn of a circumference circuit Gate electrode 10c formed 
mainly on the gate insulator layer (silicon oxide film 9), n+ of the couple formed so that it might offset to gate electrode 
10c Mold semiconductor region 1 5 (the source, drain), n of the couple in which an end extends to the lower part of gate 
electrode 10c - It consists of a mold semiconductor region 1 1 and a channel formation field (p mold well 5) inserted into 
these sources and a drain. That is, the p channel mold MISFETQp of a circumference circuit and the n channel mold 
MISFETQn are LDD (Lightly Doped Drain). It consists of structures. Gate electrode 10b of the p channel mold 
MISFETQp and gate electrode 10c of the n channel mold MISFETQn consist of polycide films as well as gate electrode 
10a of a memory cell, and the sidewall spacer 16 which consisted of silicon oxide films is formed in those side 
attachment walls. 

[0054] The silicon oxide film 17 of thick thickness is formed in the upper part of the above-mentioned memory cell 
(MISFETQm), the p channel mold MISFETQp, and the n channel mold MISFETQn, and the wiring 23-27 which 
consisted of alimiinimi alloy films is fiirther formed in the upper part. 

[0055] The wiring 23 formed in the memory cell array field constitutes bit line DL, and is connected with the drain (n+ 
mold semiconductor region 13) of a memory cell through the contact hole 20 formed in the silicon oxide film 17. 
Moreover, the wiring 24 and 25 among the wiring 24-27 formed in the circumference circuit field the contact hole 21 of 
the couple formed in the silicon oxide film 17 — leading ~ pH- mold semiconductor region 14 (the source -) of the 
couple of the p channel mold MISFETQp Wiring 26 and 27 leads the contact hole 22 of the couple formed in the silicon 
oxide film 17 by connecting with a drain, and it is n+ of the couple of the n channel mold MISFETQn. It connects with 
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the mold semiconductor region 15 (the source, drain). 

[0056] Next, program actuation of the above-mentioned flash memory is explained using drawing 4 (outline cross 
section showing about one memory cell), drawing 5 (operating voltage table of a memory cell), and drawing 6 (graph 
which shows the potential distribution and field strengtti distribution of a channel field at the time of write-in actuation 
of a memory cell). 

[0057] Write-in actuation makes the source (11 15) of the selected memory cell (MISFETQm) touch-down potential 

(OV), and impresses the positive voltage of 5V to a gate electrode (10a) and a drain (13), respectively. The peak of field 

strength as shown in the edge of the low concentration source (11) at drawing 6 arises by this, the hot electron (e-) 

generated in this field (low concentration source side) is injected into the electron trap in a silicon nitride film 8, and 

writing is performed when the threshold voltage seen fi"om the gate electrode (10a) rises. 

[0058] Moreover, read-out actuation makes the source (11 15) of the selected memory cell similarly touch-down 

potential (OV), impresses the positive voltage of 2V to a gate electrode (10a) and a drain (13), respectively, and is 

performed. Elimination actuation is performed by dropping the threshold voltage seen fi'om the gate electrode (10a) by 

making the drain (13) of a memory cell into touch-down potential (OV), impressing the positive voltage of 5V to the 

source (11 15), impressing the negative voltage of -lOV to a gate electrode (10a), respectively, and emitting the electron 

by which the trap was carried out into the silicon nitride fihn 8 to a substrate (p mold well 5) side. 

[0059] Next, an example of the manufacture method of the above-mentioned nonvolatile memory is explained using 

drawin g 7 - drawing 18 (important section cross section of the semiconductor substrate in which the one section each of 

the circumference circuit field which adjoins a memory cell array field and it is shown). 

[0060] first, the semiconductor substrate 1 which consists of single crystal silicon of p mold which has about 

[ lOohmcm ] specific resistance as shown in drawing 7 - preparing - the fi-ont face - selective oxidation (LOCOS) 

after forming field oxide 2 of about 500nm of thickness by law, the silicon oxide film 3 of about 20nm of tiiickness is 

formed in the front face of the element formation field surrounded by the above-mentioned field oxide 2 by oxidizing 

the semiconductor substrate 1 thermally. The silicon oxide film 3 is used as a mask at the time of carrying out the ion 

implantation of the impurity to the semiconductor substrate 1 at the following process. 

[0061] next, it is shown in dr aw ing 8 - as - n mold deep to the semiconductor substrate 1 of a memory cell array field - 
- p mold shallow to some (n channel mold MISFET formation field) semiconductor substrates 1 of a memory cell array 
field and a circumference circuit after forming a well 4 - a well 5 - forming - n mold shallow to some [ other ] (p 
channel mold MISFET formation field) semiconductor substrates 1 of a circxmiference circuit - a well 6 is formed. 
[0062] The deep photoresist fihn of about 5 micrometers of thickness by which the well 4 prepared the aperture in the 
memory cell array field n mold is used as a mask, and on condition that acceleration energy 3000keV and Ixl013/cm2 
of doses, the ion implantation of the n mold impurity (Lynn) is carried out at the semiconductor substrate 1, and it 
forms. Moreover, the shallow photoresist film of about 2.5 micrometers of thickness by which the well 5 prepared the 
aperture in the memory cell array field and the n channel mold MISFET formation field p mold is used as a mask, and 
on condition that acceleration energy 450keV, Ixl013/cm2 of doses and acceleration energy 200keV, and 3xl012/cm2 
of doses, the ion implantation of the p mold impurity (boron) is carried out at the semiconductor substrate 1, and it 
forms. Furthermore, the shallow photoresist film of about 2.5 micrometers of thickness by which the well 6 prepared the 
aperture in the p channel mold MISFET formation field n mold is used as a mask, and on condition that acceleration 
energy lOOOkeV, dose L5xl013-/cm2, acceleration energy 370keV, 3xl013/cm2 of doses and acceleration energy 
180keV, and Ixl012/cm2 of doses, the ion implantation of the n mold impurity (Lynn) is carried out at the 
semiconductor substrate 1, and it forms. 

[0063] In addition, the ion implantation of the impurity (boron) for adjusting a memory cell (MISFETQm) and the 
threshold voltage (Vth) of the n chaimel mold MISFETQn is simultaneously carried out at the ion implantation process 
for [ above-mentioned ] forming a well 5 p mold (acceleration energy 50keV, dose 1.2xl012-/cm2). Moreover, the ion 
implantation of the impurity (boron) for adjusting the threshold voltage (Vth) of the p channel mold MISFETQp is 
simultaneously carried out at the ion implantation process for forming a well 6 n molds (acceleration energy 20keV, 
dose 1.5x1 01 2-/cm2). 

[0064] Next, p molds, a well 5 and after removing the silicon oxide film 3 of each front face of a well 6 by wet etching n 
molds, as shown in drawin g 9 the semiconductor substrate 1 - about 750 degrees C - oxidizing thermally - p mold — a 
well 5 and n mold - the silicon oxide film 7 of about 7nm of thickness is formed in each front face of a well 6, and the 
silicon nitride film 8 of about 7nm of thickness is fiirther deposited on the upper part of the silicon oxide fihn 7 with an 
about 800-degree C heat CVD method. 

[0065] Next, as shown in drawing 10 , patterning of the above-mentioned silicon nitride film 8 and the silicon oxide 
fihn 7 is carried out, and it leaves these films only a source formation field and near tiie memory cell. Patterning of a 
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silicon nitride film 8 is performed by the dry etching which used as the mask the photoresist film of about 1 micrometer 
of thickness which prepared the aperture in the above-mentioned source formation field and its near, and after patteming 
of the silicon oxide film 7 removes the above-mentioned photoresist film by ashing, it is performed by the dry etching 
which used the silicon nitride film 8 as the mask. The above-mentioned two-layer insulator layer (the silicon oxide film 
7, silicon nitride film 8) which it leaves to a source formation field and its near adjusts the width of face so that the 
length (gate length lay length) of the portion located in the lower part of gate electrode 10a formed at a next process 
may be set to 20nm - about 200nm. 

[0066] next, it is shown in drawing 1 1 - as — the semiconductor substrate 1 - about 800 degrees C - oxidizing 
fliermally ~ p mold - a well 5 and n mold ~ the silicon oxide film 9 of about 15nm of thickness is formed in each fi'ont 
face of a well 6, Since the silicon nitride film 8 of a memory cell array field also oxidizes simultaneously at this time, 
the silicon oxide film 9 of about 2nm of thickness is formed also in that front face. 

[0067] Next, as shown in drawing 12 , gate electrode 10a of a memory cell (MISFETQm) is formed on the silicon oxide 
film 9 of a memory cell array field, and gate electrode 10b of the p channel mold MISFETQn and gate electrode 10c of 
the n channel mold MISFETQp are formed on the silicon oxide film 9 of a circumference circuit field. After the gate 
electrodes 10a, 10b, and 10c deposit about lOOnm of thickness, the polycrystalline siUcon film of 2xl020/of about three 
Lynn concentration cm, and W silicide film of about 50nm of tihickness with an about 600-degree C heat CVD method 
on the siUcon oxide film 9, by the dry etching which used the photoresist fibn as the mask, they carry out patteming of 
these films, and form them. 

[0068] next, the thing done for the ion implantation of the n mold impurity (Lynn) all over the semiconductor substrate 
1 on condition that acceleration energy 40keV and Ixl013/cm2 of doses as shown in drawing 13 - p mold of each both 
sides of the gate electrodes 10a and 10c - n mold of the both sides of a well 5 and gate electrode 10b - a well 6 — n- of 
low high impurity concentration The mold semiconductor region 1 1 is formed. 

[0069] Next, n+ which constitutes the drain of a memory cell by using as a mask the photoresist fihn of about 1 
micrometer of thickness which prepared the aperture in the drain formation field of a memory cell, and carrying out the 
ion implantation of the n mold impurity (arsenic) to a well 5 p mold on condition that acceleration energy SOkeV and 
3x101 5/cm2 of doses as shown in d rawin g 14 The mold semiconductor region 13 is formed. 
[0070] Next, as shown in drawing 15 , the photoresist film of about 1 micrometer of thickness which prepared the 
aperture in the p channel mold MISFET formation field is used as a mask. By carrying out the ion implantation of the p 
mold impurity (2 boron fluoride) to a well 6 n mold on condition that acceleration energy SOkeV and 2xl013/cm2 of 
doses n mold of the both sides of gate electrode 10b - a well 6 - said n- the mold semiconductor region 1 1 — 
compensating - p- of low high impurity concentration The mold semiconductor region 12 is formed. 
[0071] Next, as shown in drawing J 6 , after depositing the silicon oxide film (not shown) of about 200nm of thickness 
with a CVD method on the semiconductor substrate 1, the sidewall spacer 16 with a width of face of about 150nm is 
formed in each side attachment wall of the gate electrodes 10a, 10b, and 10c by carrying out anisotropic etching of this 
siUcon oxide film. At this time, the silicon oxide film 9 and silicon nitride film 8 which have covered the source 
formation field of a memory cell are also etched simultaneously. 

[0072] Next, p+ of the high high impurity concentration which constitutes the source of the p channel mold MISFET, 
and a drain by using as a mask the photoresist film of about 1 micrometer of thickness which prepared the aperture in 
the p channel mold MISFET formation field, and carrying out the ion implantation of the p mold impurity (2 boron 
fluoride) to a well 6 n mold on condition that acceleration energy SOkeV and 3x101 5/cm2 of doses as shown in drawing 
17 The mold semiconductor region 14 is formed. 

[0073] Then, the photoresist film of about 1 micrometer of thickness which prepared the aperture in the source 
formation field of a memory cell and the n channel mold MISFET formation field is used as a mask. By carrying out the 
ion implantation of the n mold impurity (arsenic) to a well 5 p mold on condition that acceleration energy SOkeV and 
2x101 5/cm2 of doses n+ of the high high impurity concentration which constitutes the source of a memory cell The 
mold semiconductor region 1 5, the source of the n channel mold MISFET, and n+ of the high high impurity 
concentration which constitutes a drain The mold semiconductor region 15 is formed. At the process so far, a memory 
cell (MISFETQm) and MISFET (the n channel mold MISFETQn, the p channel mold MISFETQp) of a circumference 
circuit are completed. 

[0074] Next, as shown in drawing 18 , after depositing the silicon oxide film 17 of about 500nm of thickness with a 
CVD method on the semiconductor substrate 1, contact holes 20, 21, and 22 are formed in the upper part of the drain of 
a memory cell, the source of the n channel mold MISFETQn, the upper part of a drain and the source of the p channel 
mold MISFETQp, and the upper part of a drain, respectively by using a photoresist film as a mask and canying out dry 
etching of the silicon oxide film 1 7. 
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[0075] Then, aluminum alloy film of about 500nm of thickness is deposited by the sputtering method on the silicon 
oxide film 17 including the interior of contact holes 20-22, and the flash memory of the gestalt of this operation shown 
in said drawin g 2 carries out abbreviation completion by carrying out patterning of this aluminum alloy film by the dry 
etching which used the photoresist film as the mask, and forming wiring 23-27. 

[0076] Since the flash memory of the gestalt of this operation constituted as mentioned above consists of MISFET(s) 
with a single memory cell, it does not make the area of the circumference circuit which can perform writing/elimination 
actuation comparatively simple, and needs it increase like the conventional floating-gate mold memory cell. Moreover, 
a manufacturing process also becomes simple. 

[0077] Since high resistance wiring like the memory cell equipped with the conventional sidewall gate electrode on the 
occasion of read-out actuation is not used for the flash memory of the gestalt of this operation, deterioration of read-out 
speed does not generate it. Moreover, in the case of write-in actuation, positive voltage is impressed to a gate electrode 
and a drain, since the method which injects into the electron trap in a silicon nitride film the hot electron generated near 
the source is adopted, when the source of touch-down potential and the gate inter-electrode potential difference become 
large, injection efficiency improves and low-battery actuation is attained more compared with the conventional cellular 
structure. 

[0078] Since the gate electrode of a memory cell has covered the whole surface of a channel field, the flash memory of 
the gestalt of this operation does not have generating of the parasitism resistance in directly under [ which poses a 
problem by the cellular structure equipped with the conventional sidewall gate electrode / sidewall gate electrode- 
control gate inter-electrode / insulator layer ], and does not cause lowering of the drain current at the time of read-out 
actuation. 

[0079] Since the manufacture method of the flash memory of the gestalt this operation forms the gate insulator layer by 
the side of the source of a memory cell (insulator layer of three layers which consists of the silicon oxide film 7, a 
silicon nitride fibn 8, and a silicon oxide film 9) by self align (self aryne) to a gate electrode, it can design in a eel area 
equivalent to the conventional floating-gate mold memory cell, and nonvolatile memory excellent in scalability can be 
realized. 

[0080] (Gestalt 2 of operation) The manufacture method of the flash memory of the gestalt this operation is explained 
using drawing 19 - drawing 33 (important section cross section of the semiconductor substrate in which the one section 
each of the circumference circuit field which adjoins a memory cell array field and it is shown). 
[0081] First, as shown in drawin g 19 , after forming field oxide 2 in the fi*ont face of the semiconductor substrate 1 
which consists of single crystal silicon of p mold, the silicon oxide film 3 is formed in the fi"ont face of the element 
formation field surrounded by field oxide 2. then, n mold deep to the semiconductor substrate 1 of a memory cell array 
field — p mold shallow to some (n channel mold MISFET formation field) semiconductor substrates 1 of a memory cell 
array field and a circumference circuit after forming a well 4 — a well 5 — forming — n mold shallow to some [ other ] (p 
channel mold MISFET formation field) semiconductor substrates 1 of a circumference circuit - a well 6 is formed. The 
process so far is the same as the gestalt 1 of said operation. 

[0082] Next, as the semiconductor substrate 1 is oxidized thermally at about 800 degrees C, and are shown in dr awing 
20 and it is shown in drawing 21 p mold after forming gate oxide 30 of about 1 5nm of thickness in each fi-ont face of a 
well 6 n molds, a well 5 and By using a photoresist film as a mask and carrying out dry etching of this polycrystalline 
silicon film 31, after depositing a polycrystalline silicon film (not shown) about 200 thickness with an about 600-degree 
C heat CVD method on the semiconductor substrate 1 The gate electrodes 3 lb and 3 1 c of gate electrode 3 la of a 
memory cell and a circxmiference circuit are formed. 

[0083] Next, as shown in drawin g 22 , after depositing the silicon nitride film 32 of about 20nm of thickness with a 
CVD method on the semiconductor substrate 1 including the upper part of the above-mentioned gate electrodes 31a, 
31b, and 3 Ic, the silicon oxide fibn 33 of about 50nm of thickness is deposited on the upper part of a silicon nitride film 
32 with a CVD method. 

[0084] Next, as shown in drawing 23 , after using as a mask the photoresist fihn of about 1 micrometer of thickness 
which prepared the aperture a source formation field and near the memory cell, carrying out wet etching of the silicon 
oxide film 33, and removing the above-mentioned photoresist film by ashing continuously, the silicon nitride film 32 
which has covered the source formation field and gate electrode 3 la of near of a memory cell is removed by using the 
siHcon oxide film 33 as a mask, and canying out wet etching of the silicon nitride film 32. 

[0085] Next, as shown in drawing 24 , the gate oxide 30 which has covered the source formation field of a memory cell 
by the wet etching which used the above-mentioned silicon nitride film 32 as the mask is removed. At this time, the gate 
oxide 30 of the lower part of gate electrode 31a by which adjoined the source formation field and pattern formation was 
carried out is also etched, and that part is removed ranging from the edge to width of face of about 70nm (undercut). 
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[0086] next, p mold which oxidized the semiconductor substrate 1 thermally at about 750 degrees C, and was exposed a 
source formation field and near the memory cell as shown in drawing 25 ~ the silicon oxide film 34 of about 5nm of 
thickness is formed in the fi^ont face of a well 5. At this time, gate electrode 31a exposed near the source formation field 
of a memory cell also oxidizes simultaneously, and the silicon oxide film 35 of about 5nm of thickness is formed in that 
fi*ont face. 

[0087] Next, as shown in drawing 26 , the silicon nitride film 36 of about lOnm of thickness is deposited with a CVD 
method on the semiconductor substrate 1 . Thereby, the gate insulator layer of three layers which is fi'om the silicon 
oxide film 34, a siUcon nitride fihn 36, and the silicon oxide film 35 on tiie source formation field side of the lower part 
of gate electrode 10a is formed. 

[0088] next, the thing done for the ion implantation of the n mold impurity (Lynn) all over the semiconductor substrate 
1 on condition that acceleration energy 40keV and Ixl013/cm2 of doses as shown in drawing 27 ~ p mold of each both 
sides of the gate electrodes 10a and 10c - n mold of the both sides of a well 5 and gate electrode 10b - a well 6 - n- of 
low high impurity concentration The mold semiconductor region 37 is formed. 

[0089] Next, n+ which constitutes the drain of a memory cell by using as a mask the photoresist film of about 1 
micrometer of thickness which prepared the aperture in the drain formation field of a memory cell, and carrying out the 
ion implantation of the n mold impurity (arsenic) to a well 5 p mold on condition that acceleration energy 50keV and 
3x101 5/cm2 of doses as shown in drawing 28 The mold semiconductor region 39 is formed. 
[0090] Next, as shown in drawing 29 , the photoresist film of about 1 micrometer of thickness which prepared the 
aperture in the p channel mold MISFET formation field is used as a mask. By carrying out the ion implantation of the p 
mold impurity (2 boron fluoride) to a well 6 n mold on condition that acceleration energy 50keV and 2xl013/cm2 of 
doses n mold of the both sides of gate electrode 31b - a well 6 - said n- the mold semiconductor region 37 - 
compensating ~ p- of low high impurity concentration The mold semiconductor region 38 is formed. 
[0091 ] Next, as shown in drawing 30 , after depositing the silicon nitride film of about 200nm of thickness with a CVD 
method on the semiconductor substrate 1, the sidewall spacer 42 with a width of face of about 150nm is formed in each 
side attachment wall of the gate electrodes 3 1 a, 3 lb, and 3 1 c by carrying out anisotropic etching of this silicon nitride 
film. At this time, the silicon oxide film 35 and silicon nitride film 35 which have covered the upper part of the gate 
electrodes 31a, 31b, and 31c are also etched simultaneously, and the firont face of the gate electrodes 31a, 31b, and 31c 
exposes them. 

[0092] Next, p+ of the high high impxirity concentration which constitutes the source of the p chaimel mold MISFET, 
and a drain by using as a mask the photoresist film of about 1 micrometer of thickness which prepared the aperture in 
the p channel mold MISFET formation field, and carrying out the ion implantation of the p mold impurity (2 boron 
fluoride) to a well 6 n mold on condition that acceleration energy 50keV and 3xl015/cm2 of doses as shown in drawing 
31 The mold semiconductor region 40 is formed. 

[0093] Then, the photoresist film of about 1 micrometer of thickness which prepared the aperture in the source 
formation field of a memory cell and the n channel mold MISFET formation field is used as a mask. By carrying out the 
ion implantation of the n mold impurity (arsenic) to a well 5 p mold on condition that acceleration energy 50keV and 
2xl015/cm2 of doses n+ of the high high impurity concentration which constitutes the source of a memory cell The 
mold semiconductor region 41, the source of the n channel mold MISFET, and n+ of the high high impurity 
concentration which constitutes a drain The mold semiconductor region 41 is formed. At the process so far, a memory 
cell (MISFETQm) and MISFET (the n channel mold MISFETQn, the p channel mold MISFETQp) of a circumference 
circuit are completed. 

[0094] Next, after removing the silicon oxide film 34 which carried out wet etching of the firont face of the 
semiconductor substrate 1, and has covered the source of each MISFET, and the fi-ont face of a drain, as shown in 
drawing 32 , the silicide layer 43 of low resistance is formed in the fi-ont face of the gate electrodes 31a, 31b, and 31c 
and the source, and a drain (n+ [ Mold semiconductor region 41 ] the mold semiconductor region 39 and p+ the mold 
semiconductor region 40 and n+). The silicide layer 43 deposits refi-actory metal films, such as Co (cobalt) film and Ti 
(cobalt) film, by the sputtering method for example, on the semiconductor substrate 1, and after it subsequently heat- 
treats the semiconductor substrate 1, makes a refi'actory metal film, a substrate (Si), and a gate electrode (31a-31c) react 
and forms Co silicide layer, it forms them by removing an unreacted refiractory metal film by wet etching. 
[0095] Next, as shown in drawing 33 , after forming contact holes 45, 46, and 47 in the silicon oxide film 44 deposited 
on the semiconductor substrate 1 by the same method as the gestalt 1 of said operation, the flash memory of the gestalt 2 
of this operation carries out abbreviation completion by forming wiring 48-52 in the upper part of the silicon oxide fihn 
44. 

[0096] Drawing 34 is the table of the photo mask used by the above-mentioned manufacture method. Among the photo 
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masks of 13 sheets used at all processes, the photo mask of a proper is two sheets, the object for processing of a silicon 
nitride film (No.6), and the object for drain formation (No.7), and is dramatically simplified by manufacture of a 
memory cell. 

[0097] Moreover, writing/elimination operating characteristic and the retention property of a flash memory which were 
manufactured by the above-mentioned method were comparable as the flash memory of the gestalt 1 of said operation. 
[0098] (Gestalt 3 of operation) Drawing 35 is the important section cross section of the semiconductor substrate in 
which the cellular structure of the flash memory of the gestalt of this operation is shown, 

[0099] The two-layer film of the silicon oxide film 60 which formed the gate insulator layer by the side of a drain in the 
silicon oxide film 9 and its lower layer constitutes the memory cell (MISFETQm) of the gestalt 1 of said operation fi-om 
the gestalt of this operation to constituting the gate insulator layer by the side of a drain fi-om a silicon oxide film 9 of 
one layer. Moreover, the electric capacity thickness of the gate insulator layer by the side of the drain which consisted of 
silicon oxide films 9 and 60 two-layer [ these ] is almost equal to the electric capacity thickness of the gate insulator 
layer by the side of the source which consisted of silicon oxide films 7 and 9 and a silicon nitride film 8 inserted into 
them. That is, the gate insulator layer of this memory cell consists of electric capacity thickness (for example, about 
17.5nm) with almost equal drain side and source side. 

[0100] The configuration and program actuation except the memory cell of the gestalt of this operation having described 
above are the same as the memory cell of the gestalt 1 of said operation. Moreover, the manufacture method of the 
memory cell of the gestalt this operation is the same as the manufacture method of the gestalt 1 said operation, except 
that the process which heat-treats the semiconductor substrate 1 and forms the silicon oxide film 60 increases as 1 **. 
[0101 ] Even when the length which met in the direction of gate length of the gate insulator layer by the side of the 
source (the silicon oxide film 9, a silicon nitride film 8, silicon oxide film 7) by having made electric capacity thickness 
of a gate insulator layer almost the same in the whole lower part of gate electrode 10a is changed by dispersion in a 
manufacture process according to the flash memory of the gestalt of this operation, the actuation capacity of drain 
current is not changed. Since the drain current at the time of write-in actuation becomes fixed by this, fluctuation of 
write-in time amount is prevented and it becomes possible to acquire a stable memory cell property. 
[0102] (Gestalt 4 of operation) Drawing 36 is the important section cross section of the semiconductor substrate in 
which the cellular structure of the flash memory of the gestalt of this operation is shown. 

[0103] The memory cell of the gestalt 1 of said operation constitutes the whole gate insulator layer of the lower part of 
gate electrode 10a fi-om a gestalt of this operation to constituting only the gate insulator layer by the side of the source 
firom three layer membranes (the silicon oxide film 9, a silicon nitride film 8, silicon oxide film 7) by the three above- 
mentioned layer membrane (the silicon oxide film 9, a silicon nitride film 8, silicon oxide film 7). Each thickness of 
these 3 layer membrane is about 7nm. 

[0104] The configuration and program actuation except the memory cell of the gestalt of this operation having described 
above are the same as the memory cell of the gestalt 1 of said operation. Moreover, the manufacture method of the 
memory cell of the gestalt this operation is the same as the manufacture method of the gestalt 1 said operation, except 
that one process of processes which carry out patteming of the silicon oxide film 7 and the silicon nitride film 8, and it 
leaves only to a source side is skipped. The writing of this memory cell was 1 microsecond. 
[0105] (Gestalt 5 of operation) Drawing 37 is the important section cross section of the semiconductor substrate in 
which the cellular structure of the flash memory of the gestalt of this operation is shown. 

[0106] This flash memory constitutes the memory cell fi'om MISFETQc and MISFETQs for selection which are the 
storage element section. MISFETQc of the storage element section mainly Lower gate oxide 70 of about 8nm of 
thickness. The gate electrode 73 for writing/elimination which consists of a polycrystalline silicon film formed on the 
gate insulator layer of the three-tiered structure which consists of a silicon nitride film 71 of about lOnm of thickness, 
and up gate oxide 72 of about lOnm of thickness (PEG), It consists of the sources and the drains (connection dififtision 
layer) which were formed in the semiconductor substrate 1 of the both sides of this gate electrode 73. 
[0107] The soxirce is n of the low high impurity concentration in which the end section extends to the lower part of the 
gate electrode 73. - n+ of the mold semiconductor region 74 and the high high impurity concentration formed so that it 
might offset to the gate electrode 73 It is n+ of the high high impurity concentration in which it consists of mold 
semiconductor regions 75, and, as for a drain (coimection diffusion layer), the end section extends to the lower part of 
the gate electrode 73. It consists of mold semiconductor regions 76. 

[0108] moreover — selection MISFETQs - mainly - thickness - four — nm — about — gate oxide - 77 — the 

upper part - forming - having had - polycrystalline silicon - a film - etc. - firom - becoming - selection - ** - the 
gate - an electrode - (- SG -) - 78 - this - the gate - an electrode - 78 - both sides - a semiconductor - a substrate 
- one — forming — having had — the source (connection diffusion layer) — a drain - constituting — having — **** . A 
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drain is n+ of the high high impurity concentration in which the end section extends to the lower part of the gate 
electrode 78. It consists of mold semiconductor regions 79. The source is n+ of the high high impurity concentration 
which is the drain of Above MISFETQc. Consisting of mold semiconductor regions 76, the end section has extended to 
the lower part of the gate electrode 78. 

[0109] Program actuation of the above-mentioned flash memory is explained using drawing 38 (operating voltage table 
of a memory cell). Writing is n of the low high impurity concentration which constitutes some sources by impressing 
5V to the drain of MISFETQs for selection, and it impressing 2V to the gate electrode 78, and turning ON (ON) 
MISFETQs for selection, making the source of MISFETQc of the storage element section into touch-down potential 
(OV), and impressing 5V to the gate electrode 73. - The peak of field strength is produced near the mold semiconductor 
region 74. The hot electron generated in this field is injected into the electron trap in a sihcon nitride film 71 by this, and 
writing is performed when the threshold voltage seen from the gate electrode 73 of MISFETQc rises more than 4V. 
Since this memory cell can control drain current on the voltage impressed to the gate electrode 73, it can control the 
potential of a substrate and the gate electrode for writing/elimination, and can be written in with lower power 
consumption compared with the conventional MNOS mold memory cell which pours in an electron completely into a 
silicon nitride film from a substrate side through a direct timnel oxide film. 

[0110] Elimination actuation impresses 5V to the gate electrode 73 of MISFETQc at -lOV, the soxirce, and a well, and is 
performed by emitting the electron in a silicon nitride film 71. Moreover, read-out actuation impresses 2V to the drain 
of MISFETQs for selection and the gate electrode 78, and the gate electrode 73 of MISFETQc, and is performed by 
judging the threshold voltage of MISFETQc. 

[01 1 1] (Gestalt 6 of operation) Drawin g 39 is the important section cross section of the semiconductor substrate in 
which the cellular structure of the flash memory of the gestalt of this operation is shown. 

[01 12] MISFET which constitutes this memory cell consists of a gate electrode 83 which consists of a polycrystalline 
silicon film formed mainly on the gate insulator layer, and the source and the drain which were formed in the 
semiconductor substrate 1 of the both sides of this gate electrode 83. The source is n+ of the high high impurity 
concentration in which the end section extends to the lower part of the gate electrode 83. It is p of the low high impurity 
concentration (about three lxl018-1019-/cm) in which it consists of mold semiconductor regions 84, and, as for a drain, 
the end section extends to the lower part of the gate electrode 83. - n+ of the mold semiconductor region 85 and the high 
high impurity concentration formed so that it might offset to the gate electrode 83 It consists of mold semiconductor 
regions 86. Moreover, the gate insulator layer consists of lower gate oxide 80 whose drain side is about 8nm of 
thickness, a sihcon nitride film 81 of about lOnm of thickness, and up gate oxide 82 of about lOnm of thickness to the 
source side consisting of gate oxide 82 which is about lOnm of thickness. Thus, the memory cell of the gestalt of this 
operation has the feature in the point of performing hot electron impregnation at the time of writing by the drain side. 
[01 13] As shown in drawin g 40 , read-out and elimination actuation of this flash memory are the same as the memory 
cell of the gestalt 1 of said operation. On the other hand, writing makes the drain of the selected memory cell touch- 
down potential (OV), and is performed by impressing the positive voltage of 5V to the gate electrode 83 and the source, 
respectively. 

[0114] Drawing 41 is a graph which shows time amount change of voltage impression for each terminal at the time of 
write-in actuation. Writing precharges all bit lines to 5 V, after charging the common source line of memory block 
chosen first 5V. Next, after carrying out pressure up only of the selected word line to 5V, only the selected bit Hne is 
dropped to OV. The time amount which dropped these OV writes in, it is time amount and channel current flows in the 
direction of a drain from the source of the memory cell chosen into this time amount. As shown in drawing 42 at this 
time, in order to descend in a low concentration drain (p-mold semiconductor region 85) field, the peak of field strength 
produces the great portion of potential set as OV the 5 V and drain side the source side at the drain edge. And writing is 
performed by being accelerated by the lengthwise direction electric field of 5 V impressed to the selected word Une, and 
injecting into the electron trap in a silicon nitride film 81 the hot electron generated by this high electric field. 
[01 15] (Gestalt 7 of operation) Drawing 43 is the important section cross section of the semiconductor substrate in 
which the cellular structure of the flash memory of the gestalt of this operation is shown. 

[01 16] This memory cell is n of the low high impurity concentration in which hot electron impregnation at the time of 
writing is performed by the drain side, and the end section extends to the lower part of the gate electrode 83. - n+ of the 
mold semiconductor region 87 and the high high impurity concentration formed so that it might offset to the gate 
electrode 83 Except that the source consists of mold semiconductor regions 84, it has the same cellular structure as the 
gestalt 6 of said operation. 

[0117] Writing is started by precharging all bit lines to 5V, after charging the common source line of selected memory 
block like the gestalt 6 of said operation 5V. By the way, if the cementation leakage current of the conmion source line 
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charged is large since the serviceability of a power supply is restricted when 5V power supply for this writing is an 
internal electrical power source like the booster circuit formed on the chip, the problem that sufficient voltage cannot be 
charged will arise. At the gestalt of this operation, it is n of low high impurity concentration to a source side. - Since the 
electric field of source cementation are eased and leakage current reduction of source cementation and improvement in 
cementation pressure-proofing are achieved in case the source is charged by having formed the mold semiconductor 
region 87 at the time of writing, the above problems are avoidable. 

[01 18] (Gestalt 8 of operation) The important section plan in which drawing 44 shows the cellular structure of the flash 
memory of the gestalt of this operation, and drawing 45 are A- A' of drawing 44 . It is the important section cross section 
of the semiconductor substrate which met the line. 

[0119] Like the gestalt 1 of said operation, MISFETQm which constitutes the memory cell of the gestalt of this 
operation constitutes the gate insulator layer by the side of the source fi-om three layer membranes (the silicon oxide 
fihn 9, a silicon nitride film 8, silicon oxide fibn 7), and constitutes the drain side from a silicon oxide film 9 of one 
layer. On the other hand, bit Une DL and a drain (n+ mold semiconductor region 92) are electrically connected through 
the plug 98 formed in the upper part of a drain. Moreover, the source (n+ mold semiconductor region 92) of two or more 
memory cells which met in the extension direction of the gate electrode 90 is electrically connected through the source 
line (SL) constituted by the plug 98 formed in the upper part. 

[0120] in order to manufacture the above-mentioned memory cell, it is first shown in drawing 46 - as - n mold deep to 
the semiconductor substrate 1 of p mold by the same method as the gestalt 1 of said operation ~ a well 4 and shallow p 
mold, after forming a well 5 The gate insulator layer from which the source side was constituted from three layer 
membranes (the silicon oxide film 9, a silicon nitride film 8, silicon oxide film 7) by the front face of a well 5, and the 
drain side was constituted from a silicon oxide film 9 of one layer p mold is formed. 

[0121] The above-mentioned silicon oxide film 7 oxidizes thermally and forms the semiconductor substrate 1 at about 
800 degrees C, and the thickness sets it to about 1 Inm. Moreover, a silicon nitride film 8 is formed with an about 730- 
degree C heat CVD method, and the thickness sets it to about lOnm. Furthermore, after the silicon oxide film 9 carries 
out patterning of the above-mentioned silicon nitride film 8 and the silicon oxide film 7 and leaves these films only a 
source formation field and near the memory cell, it oxidizes thermally and forms the semiconductor substrate 1 at about 
800 degrees C, and the thickness sets it to about 1 Snm. 

[0122] Next, as shown in drawing 47 , after depositing about lOOnm of thickness, and the polycrystalline silicon film of 
2xl020/of about three Lynn concentration cm on the upper part of the silicon oxide film 9 with a CVD method and, 
depositing the silicon nitride film 93 of about 200nm of thickness with a CVD method subsequently to the upper part, 
the gate electrode 90 which consisted of above-mentioned polydystalline silicon films is formed by carrying out 
patterning of these films by the dry etching which used the photoresist film as the mask. 

[0123] Next, it is p by using as a mask the photoresist film which prepared the aperture in the source formation field, 
and carrying out the ion implantation of the p mold impvirity (boron) to a well 5 p mold from the direction of 30 slant on 
condition that acceleration energy 20keV and Ixl013/cm2 of doses, as shown in drawing 48 . - The mold 
semiconductor region 91 is formed, then, the thing done for the ion implantation of the n mold impurity (arsenic) all 
over a memory cell array field on condition that acceleration energy 50keV and 2x101 5/cm2 of doses - p mold of the 
both sides of tiie gate electrode 90 - n+ which constitutes the source and a drain in a well 5 The mold semiconductor 
region 92 is formed. 

[0124] Next, as shown in drawing 49 , it is a silicon nitride film (after depositing, the sidewall spacer 94 is formed in the 
side attachment wall of the gate electrode 90 by carrying out anisotropic etching of this silicon nitride film.) with a CVD 
method on the semiconductor substrate 1 . At this time, the source and the gate insulator layer which has covered the 
front face of a drain are also etched simultaneously. 

[0125] Next, as shown in drawing 50 , after depositing the silicon oxide film 95 with a CVD method on the 
semiconductor substrate 1 , by using as a mask the source and the photoresist film which prepared the aperture in the 
upper part of a drain, and etching this silicon oxide film 95, a contact hole 96 is formed in a source line formation field 
including the upper part of the source, and a contact hole 97 is formed in the upper part of a drain. 
[0126] At the process which etches the above-mentioned silicon oxide film 95, since the sidewall spacer 94 of the 
silicon nitride formed in the side attachment wall of the gate electrode 90 fimctions as an etching stopper, the above- 
mentioned contact holes 96 and 97 are formed by self align (self aryne) to tiie space of the gate electrode 90. Since the 
doubling additional coverage of contact holes 96 and 97 and the gate electrode 90 becomes unnecessary by this, the 
space of the gate electrode 90 can be designed with the minimum processing size. 

[0127] Next, as shown in draw ing 51 , a source line (SL) is formed in the interior of a contact hole 96, and a plug 98 is 
formed in the interior of a contact hole 97. the front face of this polycrystalline silicon film after a source line (SL) and a 
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plug 98 deposit on the upper part of the silicon oxide film 95 the polycrystalline silicon film which doped n mold 
impurity with a CVD metiiod -- chemical mechanical polishing (CMP) it forms by carrying out flattening by law. 
[0128] Then, after depositing the silicon oxide film 99 on the upper part of the silicon oxide film 95 with a CVD 
method, aluminum alloy film is deposited on the upper part of tiie silicon oxide fihn 99 by the sputtering method, and 
the flash memory of the gestalt of this operation shown in said drawing 44 and drawing 45 carries out abbreviation 
completion by carrying out patterning of this aluminum alloy film by the dry etching which used the photoresist fihn as 
the mask, and forming bit line DL. 

[0129] since the space of the gate electrode 90 can be designed with the minimxim processing size according to the 
gestalt of this operation - 0.3 micrometer gate length ~ eel area - 0.5niicrometerx0.4micrometer=0.2micrometer2 up to 
- It was reducible. Moreover, the write-in time amount of a memory cell is 5 microseconds, blanking time is 10 mses, 
and the fiiUy stabilized same retention property as the gestalt 1 of said operation was able to be checked. 
[0130] As mentioned above, although invention made by this invention person was concretely explained based on the 
gestalt of said operation, it cannot be overemphasized that it can change variously in the range which this invention is 
not limited to the gestalt of said operation, and does not deviate fi'om the summary. 

[0131] The nonvolatile memory of this invention has the simple cellular structure, and a manufacture process and 
application to LSI which loads together nonvolatile memory and Logic LSI on the same semiconductor substrate since it 
is simple are easy for it. 
[0132] 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among invention indicated by 
this application is explained briefly. 

[0133] Since the nonvolatile memory of this invention consists of MISFET(s) with a single memory cell, it does not 
make the area of the circumference circuit which can perform writing/elimination actuation comparatively simple, and 
needs it increase. Moreover, a manufacturing process is also simple. 

[0134] The nonvolatile memory of this invention impresses positive voltage to a gate electrode and a drain in the case of 
write-in actuation, since the method which injects into the electron trap in a silicon nitride film the hot electron 
generated near the source is used for it, when the source of touch-down potential and the gate inter-electrode potential 
difference become large, its injection efficiency improves and the actuation of it by the low battery is attained more 
compared with the conventional cellular structure. 

[0135] Since the manufacture method of the nonvolatile memory of this invention forms the gate insulator layer by the 
side of the source of a memory cell (insulator layer of three layers which consists of a silicon oxide film, a silicon nitride 
film, and a silicon oxide film) by self align (self aryne) to a gate electrode, it can design in a eel area equivalent to the 
conventional floating-gate mold memory cell, and nonvolatile memory excellent in scalability can be realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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